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That  Refrigeration  is  a  subject  of  great  and  daily  increasing  interest  is 
now  universally  acknowledged.  The  field  of  usefulness  of  the  art, 
moreover,  is  gradually  widening,  and  the  near  future  will  doubtless 
see  even  more  rapid  developments  than  those  which  have  taken  place 
in  the  past. 

When   the    Author  produced,  in  1895,  his  smaller  work  entitled 
"  Refrigerating  and   Ice-Making   Machinery,"  the   literature   dealing 
:^  specifically  with  the  subject  was  of  a  very  limited  and  chiefly  of  a 

scattered  description,  but  at  the  present  time  there  are  a  number  of 
^  books  published — mostly,  however,  of  American  origin.    The  periodical 

^^  literature   also — which  in  1895  was  confined  entirely  to  the  United 

States — has  likewise  been  largely  augmented,  notably  by  the  publication 
in  this  country  of  several  monthly  journals  treating  specifically  of  Refri- 
geration, and  also  by  several  such  magazines  produced  in  Germany. 
France,  strange  to  say,  as  yet  boasts  only  one  such  periodical. 

The  success  attained  by  "  Refrigerating  and  Ice- Making  Ma- 
chinery " — now  in  its  Third  Edition — has  encouraged  the  Author  to 
produce  the  present  larger  volume,, which  it  is  hoped  may  be  found 
to  meet  the  needs  of  a  class  of  readers  requiring  a  more  complete 
treatise  than  has  up  to  the  present  time  been  published  in  this 
country. 

In  the  preparation  of  the  present  work  the  Author  has  been 
indebted  for  much  useful  information  to  the  columns  of  the  technical 
press,  especially  so  to  that  excellent  and  instructive  American  journal 
"  Ice  and  Refrigeration,"  which  has  now  had  a  well-deserved  successful 
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career  extending  over  a  number  of  years.  He  has  also  availed  him- 
self of  the  information  contained  in  several  valuable  papers  read 
before  scientific  societies  both  in  this  country  and  abroad,  as  well  as 
that  derived  from  other  sources,  due  acknowledgment  whereof  he  has 
endeavoured  to  make  in  each  case  in  the  body  of  the  book. 

He  takes  this  opportunity  of  expressing  his  sincere  thanks  and 
obligations  to  Mr.  G.  J.  Wells,  W.Sc,  A.M.I.C.E.,  for  his  valuable 
assistance  in  revising  the  chapter  devoted  to  the  theory  of  Refrigeration, 
a  task  for  which  his  scientific  attainments  render  him  specially 
qualified. 

In  conclusion,  the  Author  has  to  gratefully  acknowledge  the 
courtesy  of  the  Manufacturers  of  machinery  and  appliances  who  have 
afforded  him  particulars  of  their  various  specialities. 


A.  J.  WALLIS-TAYLER. 


99,  Belsize  Road,  London,  N.W. 
Alarck,  1902. 
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CHAPTER  I. 
INTRODUCTION. 

Origin  of  Artificial  Refrigeration. — History  and  Progress  of  the  Trade  in  Fresh 

Provisions. 

Although  refrigeration  and  the  production  of  ice  by  artificial  means 
is  said  to  have  been  known  to,  and  practised  by,  the  Ancients,  it  is  only 
in  comparatively  recent  times  that  improved  systems  and  apparatus 
have  enabled  operations  to  be  carried  out  profitably  on  a  commercial 
scale,  and  have  rendered  possible  the  numerous  manufacturing  and  in- 
dustrial applications  now  made. 

In  addition  to  the  employment  of  mechanical  refrigeration  for  the 
manufacture  of  ice,  more  durable,  and — ^by  reason  of  the  known  purity 
of  the  water  congealed — ^more  palatable  and  sanitary  than  the  natural 
product;  to  its  extensive  use  for  the  freezing  and  chilling  of  freshly 
killed  meat  in  abattoirs ;  and  to  its  application  to  the  cooling  of  stores 
or  chambers  for  the  preservation  of  meat,  fowl,  fish,  fruit,  vegetables, 
and  other  provisions  of  a  perishable  nature:  mechanical  refrigera- 
tion is  now  commcmly  employed  in  a  number  of  different  manufactur- 
ing processes,  brief  descriptions  of  the  most  important  of  which  appli- 
cations will  be  found  in  a  chapter  devoted  to  this  subject. 

The  trade  in  fresh  provisions  is  one  that  during  the  last  few  years 
has  made  enormous  strides,  and  at  the  present  time  vast  quantities  of 
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frozen  carcasses,  and  of  fish,  fruit,  vegetables,  and  milk  are  being  im- 
ported into  this  country. 

Space  does  not,  unfortunately,  admit  of  entering  into  any  lengthy 
account  of  the  history  of  this  trade,  which  is  one  of  great  interest,  or  of 
giving  lengthy  statistics  relative  to  the  constantly  increasing  amounts  of 
these  imports;  the  full  figures  can,  however,  readily  be  got  from  a 
variety  of  sources  by  anyone  interested  therein,  and,  moreover,  they 
hardly  come  within  the  province  of  a  book  purporting  to  be  devoted 
to  a  description  of  the  various  machines  and  appliances  adapted  for  re- 
frigeration and  ice-making.  The  following  however  are  a  few  of  the 
leading  facts  and  figures: — 

Meat  frozen  by  a  Harrison  ether  machine  was  shipped  from 
Melbourne  on  the  23rd  July,  1873,  arriving  here  on  the 
i8th  October,  but  turned  out  a  failura  In  1875  and  1876 
frozen  meat  was  brought  over  from  America,  The  first  cargo 
of  frozen  meat  was  successfully  brought  to  this  country  from  Aus- 
tralia in  the  year  1880,  in  the  Siratkleven,  which  is  said  to  have  been 
fitted  with  a  Bell-Coleman  cold-air  machine,  and  this  was  quickly  followed 
by  another  consignment  in  the  Protos,  refrigerated  by  means  of  a  cold-air 
machine  of  the  Lightfoot  pattern.  On  October  5th  of  the  same  year 
the  steamship  Orient  arrived  at  London  with  a  cargo  of  frozen  meat, 
she  being  also  fitted  with  refrigerating  apparatus  on  the  cold-air  prin- 
ciple, in  this  instance  one  of  Haslam's  patent  dry-air  refrigerators 
being  employed,  which  worked  without  interruption  during  the  entire 
voyage  of  six  weeks*  duration.  On  the  26th  September,  in  the  succeed- 
ing year,  the  clipper  ship  Mataura,  also  fitted  with  a  Haslam  patent 
cold-air  machine,  arrived  with  a  cargo  of  frozen  meat  from  New 
Zealand. 

Such  were  the  commencements  of  the  trade  in  refrigerated  meat, 
And  it  has  so  rapidly  advanced  that,  in  mutton  and  lamb  from  a  few 
(400)  hundred  carcasses  in  1880,  it  had  risen  to  6,869,419  carcasses  in 
1899.  In  1900,  however,  the  imports  fell  short  of  those  of  the  pre^ 
vious  year  by  435,598  carcasses,  the  total  being  6,433,821,  the  first  time 
since  the  commencement  of  the  trade  that  there  had  failed  to  be  a  con- 
siderable increase  in  the  aggregate,  as  will  be  seen  from  the  following 
table  compiled  from  statistics  published  by  Messrs.  Weddel  and  Co. : — 
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Yearly  Imports  of  Frozen  Mutton  and  Lamb  from  Commence- 
ment OF  THE  Trade  to  31ST  December,  1900. 


Year. 

Australia. 

New 

Zealand. 

'  Falkland 
Iflanda. 

River  Plate. 

Totals. 

1880 

400 

_ 

^•^m 

400 

1881 

17,275 

— 

— 



'7,255 

1882 

57,256 

8,839 

— . 

66,095 

1883 

63,733 

120,893 

— 

17,163 

201,791 

1884 

"1,745 

412,349 

108,823 

632,917 

'5!§ 

95,051 

492,269 

— 

190,57' 

777,89' 

r886 

60,960 

655,888 

30,000 

434.699 
641,866 

',187,547 

1887 

88,811 

766,417 

45,552 

1,542,646 

1888 

112,214 

939,231 
1,068,286 

924,003 

',975,448 

1889 

86,547 

1,009,936 

2,164,769 

1890 

207,984 

1,533,393 

10,168 

','95,531 

2,948,076 

1891 

334,684 

1,894,105 

18,897 

8u,i35 

3,058,823 

1892 

504,738 

',539,605 
1,857,598 

17,818 

1,247,861 

3.3 '0,022 

1893 

636,917 

16,425 

1,373,723 

3,884,663 

1894 

939,360 

1,958,259 

11,675 

1,414,815 

4,324,  '09 

1895 

1,005,503 

2,412,331 

19.438 

1,615,795 

5.053,367 

1896 

1,643,243 

2,211,895 

24,074 

1,768,206 

5,647,4 '8 

1897 

i»4o7,4»7 

2,703,845 

26,275 

2,095,196 

6,232,733 

1898 

1,248,653 

2,784,101 

2,397,437 

6,430,091 
6,869,419 

1899 

1,204,601 

3,250,100 

20,000 

2,394,7 '8 

1900 

1 

943,924 

3,157,060 

■       ' 

2,332,837 

6,433,821 

The  total  weight  of  frozen  beef  received  into  the  United  Kingdom 
in  1900  was  56,831  tons,  as  compared  with  44,200  in  1899,  and  there 
has  been  a  steady  increase  in  the  amounts  of  Australian,  New  Zealand, 
and  River  Plate  frozen  beef,  United  States  and  Canadian  chilled  beef, 
and  Continental  fresh  killed  beef  imported  into  this  country  for  the 
last  ten  years,  as  will  be  seen  by  the  following  table  drawn  up  by 
Messrs.  Weddel  and  Co. : — 


1891 

1892 

1893 

1894 

189s 

1896 

1897 

1898 

1899 

1900 

Cwts. 

Cwts. 

Cwts. 

Cwts. 

Cwts. 

Cwts.   1  Cwts. 

Cwts. 

CwU. 

Cwts. 

Queensland... 
New  South  ) 

40,850 

54.000 

206,783 

286,806 

358.814 

449,9111    497,080 

483,032 

513,225 

365,899 

Wales  and    } 

765 

2,568 

4,200 

15.090 

126,567 

45,024,     63,749 

48,619 

95,99' 

29,292 

Victoria        ) 

New  Zealand 

107,433 

14,485 

1,747,578 

62,065 

14,706 

2,617 

16,317 

28,803;     73,426 
50,0951     84,667 

92,756 

130,427 

329,467 

Kiver  Plate... 

8,309 
1,951.887 

35.383 
1,489,949 

5.a79!     23,446 

108.288 

150,368 

411.962 

2,867,238 

45,084 

United  States 

1,775.528  1,649,473 

2,074,644  2,242,063 

2,301,956 

2,756,796 

Canada 

287 

154 

84 

-    ^^ 

8,121 

9,189 

5,774 

21,543 

90,238 

Continent,  &c. 

9.  "3 

654 

56,947 

18,705 

7,829 

2,034 

43,6i8 

44,427 

61,577 

79,368 

Totals 

1,920,511 

2,079,637 

1,808,052 

2,104,065 

2,190,567 

2,659,700 

3,010,377 

3,100,221 

3,802,622 

4,128,310 
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The  trade  in  frozen  rabbits  has  also  attained  to  considerable  dimen- 
sions, and  in  the  year  1900  36,823  crates,  containing  917,142  rabbits, 
were  sent  to  this  country  from  South  Australia. 

In  1886  the  steamship  Nonpareil  (Scrutton,  Sons  and  Co.),  which 
had  been  fitted  for  the  purpose  with  a  Haslam  dry-air  refrigerator, 
brought  to  this  country  the  first  cargo  of  West  Indian  fruit ;  and  early 
in  1888  a  cargo  of  apples  was  shipped  from  Melbourne  in  the  Oceana^ 
in  chambers  also  cooled  by  a  Haslam  machine,  both  cargoes  arriving  in 
good  condition.  Subsequently  many  of  the  ships  belonging  to  the 
Peninsular  and  Oriental  Steamship  Company,  and  others,  were  fitted 
up  for  this  trade,  and  quite  recently  four  fine  steamers,  with  which 
Messrs.  Elder,  Dempster,  and  Co.  have  inaugurated  the  Imperial  West 
India  Direct  Mail  Service,  have  been  specially  adapted  for  the  trans- 
port of  large  quantities  of  bananas  from  Jamaica,  a  task  which  has 
been  successfully  performed.  The  method  adopted  is  to  circulate 
through  the  insulated  holds  of  the  vessel  air  which  has  been  purified 
and  cooled  in  the  course  of  its  passage  over  a  specially  constructed 
cooler,  through  which  cold  brine  is  circulated  by  means  of  pumps,  and 
every  precaution  is  taken  to  maintain  an  equable  temperature  of  40  to 
45  degrees  Fahrenheit  during  the  voyage. 

Besides  this  there  is  now  quite  a  large  trade  in  Australian  and 
Canadian  apples,  about  230,000  cases  being  shipped  in  1900 
from  Tasmania  alone,  and  one  in  soft  fruits,  such  as  pears,  peaches, 
and  grapes,  is  in  a  fair  way  to  become  also  established. 

In  1893  a  considerable  import  trade  in  milk  had  already  arisen; 
one  firm  alone,  in  1894,  regularly  sold  500  gallons  of  foreign  milk 
daily,  and  thousands  of  gallons  of  foreign  cream  were  likewise  im- 
ported into  this  country  within  the  same  period,  to  be  used  for  butter- 
making.  The  bulk  of  this  milk  is  shipped  to  London  from  Gothen- 
burg by  steamer,  having  been  frozen  chiefly  by  refrigerating  machines 
on  the  ammonia  compression  principle,  and  costing,  it  is  stated,  25  per 
cent  less  than  English  milk. 

Large  quantities  of  butter  are  brought  over  from  Denmark  and  the 
Baltic,  Messrs.  Thos.  Wilson,  Sons,  and  Co.  alone  having  seven 
steamships  fitted  up  with  refrigerating  machinery  for  the  butter  trade, 
and  one  firm  of  refrigerating  engineers  (Messrs.  J.  and  E.  Hall, 
Limited),  have  fitted  up  thirty  steamers  wnth  refrigerating  installations 
for  the  same  trade.  The  amount  of  butter  imported  into  the  United 
Kingdom  from  Victoria,  in  1900,  was  26,185,679  lbs.,  that  from  New 
South  Wales  8,727,600  lbs.,  and  large  quantities  of  butter  and  cheese 
are  likewise  brought  over  from  Canada. 
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All  these  provisions  can  now  be  brought  to  this  country  in  excellent 
condition,  the  chief  dangers  of  deterioration  being  from  hurried  and 
consequently  careless  stowing,  from  bumps  and  bruises  caused  by  rough 
and  unskilled  handling,  and  from  exposure  to  higher  temperatures  dur- 
ing transit  from  the  vessel  to  the  cold  stores  on  land,  and  subsequent 
distribution  by  road  or  rail  to  the  retailers. 

There  are  at  the  present  time  upwards  of  130  cold  stores  and 
ice  factories  in  the  United  KingdonL  The  total  number  of  firms  now 
engaged  either  as  makers  of  refrigerating  machinery,  manufacturers  of 
ammonia,  carbonic  anhydride  and  other  refrigerating  mediums,  pro- 
prietors of  cold  stores,  importers  or  manufacturers  of  ice,  etc.,  is 
upwards  of  1,300.  On  the  Continent  there  are  about  4,400  firms 
directly  interested  in  refrigeration,  and  in  America  some  5,600,  whilst 
spread  over  China,  Japan,  Java,  India,  Ceylon,  the  Malay  Peninsula, 
the  Philippine  Islands,  Siam,  East,  West,  and  South  Africa,  Australia, 
New  Zealand,  Egypt,  and  Algeria  are  about  1,500  more.  Making  a 
grand  total  of  1 2,800.  There  are  besides  many  butchers,  fishmongers, 
hotel  proprietors,  and  others,  who  have  small  cold  stores  cooled  by 
refrigerating  machinery  and  by  ice. 

The  number  of  vessels  fitted  up  with  refrigerating  installations,  and 
specially  designed  for  the  frozen  meat  trade  is  now  137,  estimated  to 
have  a  carr}'ing  capacity  of  7,184,290  56-lb.  carcases. 


CHAPTER  II. 

THE  THEORY  AND  PRACTICE   OF    MECHANICAL 

REFRIGERATION. 

Relation  to  first  two  Laws  of  Thenno-dynamics. — Definition  of  Heat. — Specific  Heat. 
— Latent  Heat. —  Mechanical  Equivalent  of  Heat. — Calculations  made  with 
respect  to  Heat. — Temperature. — Laws  of  Gases. — Construction  of  Chart  ap- 
plicable to  any  value  of  n. — Work  demanded  of  a  Refrigerating  Machine. — 
Greatest  Theoretical  Efficiency  of  a  Refrigerating  Machine. 

The  theory  and  practice  of  mechanical  refrigeration  are  based  upon 
the  two  first  laws  of  thermo-dynamics — that  is  to  say,  first  that  mechani- 
cal energy  is  convertible  into  heat,  and  vice  versa,  and,  second,  that  an 
external  agent  is  necessary  to  enable  heat  to  pass  from  a  cold  to  a 
heated  body. 

The  above  fact  very  naturally  leads  us  to  inquire  what  heat  really 
is,  and  here  we  are  confronted  with  a  question  by  no  means  easy  to 
answer  correctly.  According  to  the  well-known  and  generally  accepted 
definition  of  text  books,  the  answer  to  the  question  is  that  heat  is  a 
mode  of  motion.  A  more  satisfactory  statement  as  to  the 
nature  of  heat,  however,  is  that  it  is  a  form  of  molecular 
energy.  This  theory  is  the  result  of  a  series  of  observations 
made  by  Benjamin  Thompson,  better  known,  perhaps,  as  Count  Rum- 
ford,  in  the  year  1798,  and  also  by  Sir  Humphrey  Davy,  in  the  year 
1799,  the  definition  having  been  finally  arrived  at,  and  accepted  by,  the 
former  eminent  scientist  in  181 2.  It  is  an  unfortunate  circumstance, 
but  nevertheless  a  true  one,  that  even  the  most  gifted  amongst  scientific 
men,  in  endeavouring  to  penetrate  the  secrets  of  nature,  are,  after  all  is 
said  and  done,  but  groping  blindly  in  the  dark,  and  the  fallacy  of  but 
too  many  of  our  scientific  definitions  is  a  truth  patent  to  all  who  give 
the  subject  any  serious  consideration.  This  is  a  fact  fully  recognised 
by  most  eminent  teachers ;  but  notwithstanding  this,  the  erroneous  defi- 
nitions are  allowed  to  stand  unchallenged  for  want,  doubtless,  of  more 
accurate  ones. 

In  the  case  of  heat,  the  before-mentioned  experiments  had  appa- 
rently shown  that  heat  was  not  a  substance,  as  had  been  thought  by 
previous  authorities,  and  therefore  it  was  accepted  without  dispute, 
in  order  to  secure  a  plausible  definition,  as  being  a  mode  of  motion. 
In  a  very  interesting  paper  by   Doctor   Ernst   Mach,   Professor   of 
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Physics  in  the  University  of  Prague,  which  appeared  in  the  Monisi  of 
October,  1894,  the  absurdity  of  many  of  the  universally  accepted 
theories  is  clearly  demonstrated,  and  with  reference  to  thermo-djmamics, 
he  remarks  that,  a$  it  has  been  shown  that  heat  is  not  a  substance,  the 
usually  accepted  theory  is  that  it  is  a  mode  of  motion.  This,  however. 
Dr.  Mach  proves  not  to  be  true.  In  an  able  article  upon  the  fallacy 
of  scientific  definitions  published  in  the  Engineer  of  October  12  th, 
1894,  the  writer,  after  referring  to  the  fact  that  the  exact  nature  of 
heat  is  as  yet  absolutely  unknown,  truly  observes  that  heat  really 
behaves  sometimes  like  a  substance  and  sometimes  not. 

Modem  physicists  assume  heat  to  be  not  a  material  but  a  state. 
All  bodies  are  built  up  of  very  large  numbers  of  extremely  minute 
particles,  known  as  molecules,  which  have  a  mutual  attraction  the  one 
for  the  other,  which  attraction  is  more  or  less  great  in  solid  matter, 
lesser  in  liquid  matter,  and  actually  resolves  itself  into  a  repulsion  in 
gaseous  matter.  These  molecules  are  supposed  to  be  in  a  state  of 
perpetual  movement  or  vibration,  except  in  the  case  of  bodies  which 
are  absolutely  cold,  and  the  temperature  of  a  body  is  governed  by  the 
rate  of  this  vibration,  the  more  rapid  the  vibration  the  higher  the  tem- 
perature. Every  molecule  possesses  a  certain  definite  weight,  and 
owing  to  its  motion  must  have  a  certain  amount  of  kinetic  energy,  so 
that  according  to  this  heat  is  really  a  kind  of  eneigy,  and  not  a  sub- 
stance. Both  heat  and  mechanical  energy  are  mutually  convertible, 
and  besides,  for  each  unit  of  heat  expended  or  produced,  a  definite 
amount  of  mechanical  work  must  be  produced  or  expended. 

Lord  Armstrong  said :  "  According  to  the  new  theory,  heat  is  an  in- 
ternal motion  of  molecules,  capable  of  being  communicated  from  the 
molecules  of  one  body  to  those  of  another;  the  result  of  this  imparted 
motion  being  wther  an  increase  of  temperature  or  the  performance  of 
work.  Clausius  states  that  heat  cannot  be  communicated  from  a  cold 
body  to  a  hotter  one  without  compensation.  According  to  Tyndall 
heat  is  not  matter,  but  an  accident  or  condition  of  matter,  namely,  a 
motion  of  its  ultimate  particles.  Maxwell  says  that  heat,  considered 
with  respect  to  its  power  of  warming  things,  and  changing  their  state,  is 
a  quantity  strictly  capable  of  measurement,  and  not  subject  to  any  varia- 
tion in  quality  or  kind.  Balfour  Stewart  says  that  when  air  is  com- 
pressed, the  rise  of  temperature  is  scarcely  at  all  due  to  the  mere 
diminution  of  the  distance  between  the  particles,  but  almost  entirely  to 
the  mechanical  effect  which  must  be  spent  on  the  air  before  the  con- 
densation can  be  produced." 

It  may  here  be  remarked  that  the  word  heat  is  very  commonly  em- 
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ployed  in  a  very  loose  manner,  and  the  fact  that  two  quite  distinct 
meanings  may  attach  themselves  to  it  is  either  forgotten  or  ignored, 
viz.,  "  temperature  "  and  "  quantity  of  heat,"  which,  whilst  closely  con- 
nected with  one  another,  are  nevertheless  entirely  different.  For 
example,  we  may  have  tAvo  vessels  of  largely  varying  dimensions  con- 
taining water  at  exactly  the  same  temperature,  whilst  the  quantity  of 
heat  in  the  larger  vessel  may  be  double,  treble,  or  more,  of  that  in  the 
other  or  smaller  one. 

Specific  heat  is  defined  as  being  that  amount  of  heat  necessary  to 
raise  the  temperature  of  a  body  of  a  unit  weight  i°.  The  unit  of 
measure  is  that  quantity  of  heat  that  is  necessary  in  order  to  raise  the 
unit  weight  of  water  through  i°,  at  its  temperature  of  maximum 
density  39*4^  Fahr.  If  equal  weights  of  different  bodies  are 
raised  the  same  number  of  degrees  of  temperature,  each  ofie 
takes  up  a  different  amount  of  heat,  moreover  the  specific 
heat  of  the  same  substance  differs  in  accordance  with  its  state,  ue., 
whether  it  be  solid,  liquid,  or  gaseous,  and  under  varying  conditions  of 
temperature  and  pressure,  increasing  invariably  with  an  increase  of 
temperature  or  pressure.  The  specific  heat  of  water  is  exceeded  by 
but  few  bodies,  and  the  variation  thereof  at  different  temperatures  is 
so  small  as  to  be  unworthy  of  notice.  The  specific  heat  of  water  is 
therefore  taken  as  the  standard  of  comparison,  and  is  represented  by 
unity.  It  is,  however,  a  quantity  increasing  with  the  temj)erature ;  for 
example  at  the  temperature  of  maximum  density  39°  Fahr.  to 
40°  Fahr.,  it  is  exactly  unity,  at  104°  Fahr.  it  is  i'ooi2,  and  at  212° 
Fahr.  it  is  1*005. 

Latent  heat,  the  existence  of  which  was  first  discovered  by  Dr. 
Black  in  1762,  is  the  heat  that  is  absorbed  by  bodies  when  passing 
from  one  state  to  another.  Latent  heat  has  been  thus  clearly  and  con- 
cisely defined  by  Balfour  Stewart,  in  his  "  Treatise  on  Heat " : — 
"  Latent  heat  is  the  heat  which  is  absorbed  by  bodies  in  passing  from 
one  state  to  another,  but  it  does  not  manifest  itself  by  producing  an 
increase  of  temperature,  and  is  on  this  account  called  latent 
heat.  ...  A  pound  of  water  at  2 1 2°,  mixed  with  a  pound  of  water 
at  32°,  gives  2  lbs.  of  water  at  122°,  the  mean  of  the  two  components; 
if,  however,  a  pound  of  ice  at  32°  be  mixed  with  a  pound  of  water  at 
212°,  we  have  2  lbs.  of  water  at  51°  only.  .  .  .  The  difference  being 
equal  to  that  required  to  raise  2  lbs.  of  water  through  a  range  of  71° 
....  representing  the  heat  required  to  liquefy  i  lb.  of  ice." 

Joule's  mechanical  equivalent  of  heat  equals  772  ft.-lbs.  That  is 
to  say  that  heat  demands  for  its  production,  and  produces  by  its  dis- 
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appearance,  772  ft.-lbs.  for  each  unit  of  beat.  The  experiments  by 
which  Joule  determined  the  above  equivalent  were  conducted  by  means 
of  a  falling  weight,  which  actuated  an  agitator  or  paddle-wheel  placed 
in  water,  the  friction  caused  by  a  weight  of  i  lb.  falling  through  a  dis- 
tance of  772  ft,  or  of  a  weight  of  772  lbs.  falling  through  a  distance  of 
I  ft,  being  found  sufficient  to  heat  1  lb.  of  water  1°  Fahr. 

The  method  of  conducting  the  experiment  consisted  in  first  winding 
up  the  weight  until  it  was  at  the  top  of  a  scale,  the  temperature  of  the 
fluid  (water,  oil,  mercury,  etc.)  being  then  noted,  and  the  weight  al- 
lowed to  fall  through  a  certain  distance  and  the  temperature  again 
noted.  If  then  W  be  the  weight  in  lbs.,  and  H  the  height  through 
which  the  weight  has  fallen  in  feet,  W  X  H  will  be  the  number  of  foot- 
pounds of  work  that  have  been  performed  by  the  falling  weight.  And 
if  w  X  J  be  the  weight  of  the  fluid  multiplied  by  its  specific  heat,  A  be 
the  initial  temperature  of  the  fluid,  and  /,  be  its  final  temperature, 
w  X  J  (4  —  A)  will  be  the  number  of  heat  units  imparted  to  the  fluid 
by  the  fall  of  the  weight.  Taking  J  (usually  known  as  Joule's  equiva- 
lent) to  denote  the  number  of  foot-pounds  required  to  produce  one  heat 
unit,  or  the  mechanical  equivalent  of  heat,  we  have  therefore : 

j=     ^« 


w  y.  s  (ti  —  ti) 

This  is  what  is  generally  called  the  first  law  of  thermo-dynamics, 
viz.,  heat  and  mechanical  energy  are  mutually  convertible,  and  heat 
requires  for  its  production  or  produces  by  its  disappearance,  mechani- 
cal energy  in  the  proportion  of  772  ft.-lbs.  for  i  unit  of  heat. 

This  value  has  been  used  universally  for  many  years,  being  even 
now  that  most  commonly  employed.  Recent  investigators,  however, 
have  conclusively  shown  that  the  above  is  too  small,  and  various  values 
varying  up  to  778  ft -lbs.  are  used. 

Calculations  made  with  respect  to  heat  entail  the  use  of  the  terms 
absolute  pressure  and  temperature. 

The  first  of  these,  or  absolute  pressure,  is  pounds  per  square  inch 
above  a  vacuum.  Hence,  as  the  zero  on  a  steam  pressure  gauge  re- 
presents atmospheric  pressure  it  will  be  necessary  to  add  147  lbs.  to 
any  particular  gauge  pressure  to  convert  it  into  absolute  pressure. 

Temperature  is  a  term  which  implies  that  degree  of  sensible  heat 
which  a  body  possesses  when  compared  with  another  body.  The  zero 
upon  the  Fahrenheit  thermometrical  scale  is  an  arbitrary  zero  or 
starting  point,  adopted  because  the  real  zero  was  unknown;  recent 
experiments  place  it  at  — 459-13^  Fahr.     On  both  the  Centigrade  and 
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Reaumur  Scales  the  two  fixed  points  are  the  temperatures  of  melting 

ice,  and  boiling  water  under  a  pressure  due  to  that  of  the  standard 

atmosphere.     A  degree  is  obtained  by  dividing  the  interval  between 

these  points  into  i8o  in  the  case  of  the  Fahrenheit,  loo  in  the  case  of 

the  Centigrade,  and  80  iir  the  case  of  the  Reaumur,  equal  divisions  on 

the  three  scales,  the  bore  of  the  tube  being  assumed  to  be  uniform  and 

the  expansion  of  the  glass  neglected.     Thus  the  absolute  temperature  \ 

of  a  body  is  that  of  absolute  zero  added  to  the  ordinary  thermometrical 

temperature  thereof.     For  instance,  if  the  latter  be  32**  Fahr.  then  the 

absolute  temperature  would  be  491*13°  Fahr.,  or  459-13  were  it  zero  w^l 

Fahr.  on  the  thermometer. 

The  laws  of  gases  may  be  concisely  stated  as  follows : 

PV=  RT: 

Where  P  =  pressure 
V  =  volume 

R  =  constant  (depending  upon  the  gas) 
T  =  absolute  temperature 

=  (T  +  459*13'^')  on  Fahrenheit  scale. 

The  equation  may  be  put  as  follows  ; 

P  V 
— ^p—  =  constant. 

If  temperature  remains  constant  then 

P  V  =  tf  constant. 

And  in  this  form  is  the  algebraical  representation  of  Boyle's  or 
Marriotte's  law,  usually  expressed  in  words  thus:  If  the  temperature 
remain  constant  then  the  volume  of  any  given  quantity  of  gas  will  be 
in  the  inverse  ratio  to  the  pressure  which  it  sustains. 

The  volume  remaining  constant  then 

V 
~f^  =  a  constant. 

Which  is  the  symbolic  expression  of  Charles'  and  Gay  Lussac's 
laws  (laws  of  expansion).  Charles'  law  may  be  orated  thus:  Under 
constant  pressure  all  gases  expand  alike. 

P  V "  =  constant. 

In  cases  where  the  change  of  volume  takes  place  at  constant  tem- 

•  Figures  given  by  Professor  Clerk  Maxwell  in  his  "  Theory  of  Heat."     460  is  the 
amount  generally  taken. 
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perature,  then  it  is  said  to  be  isothermal  expansion  and  «  =  i.     The 
curve    connecting     pressure     and        ^ 
volu  me  is  an  hyperbola,  and  con- 
sequently it  is  occasionally  called 
hyperbolic  expansion. 

If  the  working  medium  or  agent 
expand  without  receiving  or  giving 
up  any  heat  from  or  to  external 
bodies,  it  is  said  to  expand  adiaba- 
tically,  the  curve  of  expansion  is 
adiabatic  and  n  s=  ratio  of  specific 
heat  at  constant  pressure  to  the 
specific  heat  at  constant  volume, 

which  for  air  =  1*408,  or  Fig.  i.— Diagram  showing  method  of 

construction  of  curve  P  V«  =  constant. 

p  Vi««  =  constant. 

This  particular  ratio  is  usually  denoted  by  y,  or 

P  V^  =  constant. 

To  construct  the  curve  P  V  "  =  constant. 

When  «  =  I  then  for  a  given  series  of  values  of  V  it  is  easy  to 
calculate  the  corresponding  values  of  P,  but  for  any  other  value  of 
«,  it  is  necessary  to  use  logarithms,  thus  : 

log.  P  +  «  log.  V  =  log.  C  ;        .        .        .        (i) 

Put  log.  Y  -=■  y\  log.  V  =  jc,  and  log.  C  =  i^,  then  equation  (i)  may 

be  written : 

y  -\-  nx  —  ky 

which  is  the  equation  to  a  straight  line. 

In  Fig.  I  take  the  point  R  in  the  straight  line  A  B,  then  C  R  ==  O  D 
=  ^1,  and  R  D  =  O  C  =  ^'i ;  then  from  the  figure  we  have — 

AC   OA-CO     O A  RD  _0 A  _  R  D 

CR 


OA 
OB 


CR 


C  R 


CR 


C  R 


RD  +^.CR  =  OA 


OB 

and  similarly  for  any  other  point  [xy)  in  the  line  it  may  be  shown  that- 

y  '\'  nx  -=■  k. 
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Fig.  2. — Diagram  showing  method  of 
constructing  curve  P  V"^  constant. 


^        A  O 
Also  let  the  angle  A  B  O  =  D,  then  «  =  tan  D  =  ^-^ 

In  Fig.  2  let  M  R'  B'  be  the 
curve  P  V  =  C,  then  if  C  R  =log. 
C  R'  and  D  R  =  log.  D'  R',  then 
all  points  such  as  R  will  lie  on  a 
straight  line  A  B,  and  A  O  =  log. 

^      , .,     A  O 

C,  whilst  B  Q  =  '^• 

Upon  these  principles  Professor 

D.  A.  Low  has  devised  the  following 
general  method  applicable  to  any 
value  of  n,  which  avoids  the  con- 
tinual use  of  a  table  of  logarithms. 

For  this  purpose  a  chart  is  constructed  (see  Fig.  3),  which  may 
be  considered  divided  up  into  four  parts  by  the  lines  Xi  X,  and 
Yi  Y.  Volumes  are  measured  along  O  X,  pressures  along  O  Y 
as  usual,  so  that  the  top  right-hand  comer  is  the  curve  P  V"  =  con- 
stant. Log.  P  is  measured  along  O  Xi,  and  log.  V  along  O  Y^. 
A  curve  is  drawn  in  the  top  left-hand  corner  such  that  any  point 
Q  in  it,  satisfies  the  conditions  Q  S  =  P,  and  Q  T  =  log.  P. 
Similarly  in  the  right-hand  lower  corner  is  a  second  curve  in  which  any 
point  Ki  must  satisfy  the  conditions  K  L  =  Vi  and  K  M  =  log.  V. 
These  curves  will  be  used  for  constructional  purposes  and  should  be 
carefully  drawn. 

Let  A  (Fig.  3)  be  a  point  in  the  curve  P  V"  =  C,  and  also  that  n  has 
the  value  1*4,  the  pressure  at  A  being  140  lbs.,  and  the  value  10  units. 
Then  project  a  vertical  line  downwards  to  meet  the  V  log.  V  curve  at  a^ 
and  a  line  horizontally  to  meet  the  P.  log.  P  curve  at  a\  From  a'  let 
fall  a.  perpendicular  to  meet  a  horizontal  line  through  j,  at  a!'.  Join 
the  point  1*4  on  scale  of  log.  P  to  I'o  on  scale  of  log.  V  and  through  a" 
draw  a  line  parallel  to  this  line.  Next  select  some  point,  say  b"y  and 
project  vertically  and  horizontally,  obtaining  the  points  b'  and  ^,,,  again 
projecting  horizontally  and  vertically,  and  their  intersection  B  is  a 
point  on  the  curve  required;  repeat  this  process  for  as  many  points  as 
may  be  required.  All  this  process  requires  is  the  use  of  a  tee  square  and 
set  square ;  and  in  practice  if  the  two  curves  are  constructed  once  for  all 
and  the  construction  performed  upon  a  piece  of  tracing  paper,  the 
original  can  be  then  preserved  uninjured.  The  converse  problem  can 
be  solved,  viz.,  if  a  curve  U  V  be  given  to  find  the  nearest  value  of  n  in 
the  equation  P  V"  =  C.     In  this  case  take  a  number  of  points,  i,  2,  3, 
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&c.,  and  draw  the  straight  line  u**  v"  through  them,  and  through  the 
point  I'o  (in  log.  V)  draw  a  parallel  line  to  u"  z/',  to  intersect  log.  P 
scale  (O  Xi),  then  the  reading  in  this  example  08  nearly.  So  that  the 
equation  to  the  curve  U  V  is  P  V  "'^   =1313. 

The  work  demanded  of  a  machine  of  any  kind  whatsoever  intended 
for  effecting  mechanical  refrigeration  is  to  reduce  the  temperature  of 
any  given  matter  to  the  desired  point  as  compared  with  the  surrounding 


Fig.  3. — Construction  of  Chart  applicable  to  any  value  of ;/. 


matter,  and  to  maintain  it  subsequently  at  or  near  this  point,  for  natu< 
rally,  were  two  bodies  having  different  temperatures  placed  either  in 
actual  contact  or  in  sufficiently  close  proximity  to  one  another,  their 
temperatures  must  infallibly  become  equalized  sooner  or  later,  if  no 
means  be  employed  to  permanently  keep  up  the  difference.  It  may 
here  be  noted  that  the  theoretical  cycle  of  a  perfect  refrigerating 
machine  is  precisely  the  opposite  to  that  of  a  perfect  heat  engine.  In 
the  first,  heat  goes  in  at  a  low  temperature  and  passes  out  at  a  more 
elevated  temperature,  to  render  which  action  possible  certain  work  has 
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to  be  efifected  upon  it.  In  the  second,  heat  derived  from  some  external 
source  at  an  elevated  temperature,  is  given  out  at  a  lower  temperature, 
a  greater  or  lesser  amount  of  mechanical  work  being  produced  by  it 
during  its  fall. 

When  a  gas  is  compressed  the  temperature  rises.  When  a  gas  is 
allowed  to  expand,  the  work  it  performs  is  done  at  the  expense  of  its 
store  of  heat.  If,  therefore,  some  gas,  say  air,  be  compressed  its 
temperature  will  increase,  and  some  of  its  heat  will  be  able  to  flow 
into  any  surrounding  bodies  at  a  lower  temperature,  and  in  cold  air 
machinery  air  is  compressed,  and  then  cooled  by  i>assing  through 
water  at  a  lower  temperature,  which  reduces  the  temperature  to  about 
its  original  amount  before  compression.  Now  if  this  air  be  allowed 
to  expand  again  until  its  original  pressure  is  regained,  the  work  so 
done  will  be  performed  at  the  expense  of  its  reduced  stock  of  heat, 
so  that  the  air  will  have  lost  a  large  portion  of  its  heat  in  the  process, 
which  will  result  in  a  great  reduction  of  temperature,  thereby  giving  rise 
to  that  negative  condition  known  as  cold. 

It  may  be  here  mentioned  that  the  phrase  commonly  used,  "  heat 
is  generated  by  compression,"  is  somewhat  misleading,  because  the 
amount  of  heat  in  the  Universe  is  a  fixed  quantity,  and  the  intrinsic 
energy  possessed  by  any  gas  is  under  given  conditions  a  quantity  that 
can  be  accurately  calculated.  Thus  if  a  pound  of  air  at  a  temperature 
of  70  degrees  Fahrenheit,  and  at  normal  atmaspheric  pressure  be  taken 
as  an  example,  the  total  quantity  of  energy  it  possesses  is  at  once 
known.  If  this  air  be  placed  in  a  compressor  and  its  volume  be 
reduced  to  say  one  half  of  its  original  volume,  and  if  this  be  done 
so  rapidly  that  there  is  no  time  for  heat  to  escape  at  the  end  of  the 
compression,  that  is  to  say  adiabatically  or  instantaneous  compression 
without  transmission  of  heat,  then  its  energy  will  have  been  increased 
by  the  amount  of  work  done  upon  it.  Its  statical  pressure  will  be 
increased,  and  its  temperature  will  also  have  risen,  by  reason  of  its 
changed  state  or  condition  internally,  and  the  theta-phi  diagram  for 
the  two  conditions  would  show  this  more  clearly  than  any  other  known 
method.  Now  if  the  temperature  be  reduced  to  its  former  amount, 
that  is  to  say  to  70  degrees  Fahrenheit,  its  volume  will  contract,  so 
that  a  small  additional  quantity  of  air  will  have  to  be  forced  in  in 
order  that  the  pressure  may  remain  unchanged  as  the  temperature  is 
reduced.  It  will  be  seen  that  there  will  be  now,  consequently  upon 
the  above,  rather  more  than  a  pound  of  air  to  deal  with  at  the  higher 
pressure,  and  this  is  what  actually  occurs  in  practice,  but  is  a  point 
which  is  easily  overlooked.    Now  if  this  air  be  allowed  to  expand  in  a 
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cylinder,  it  will  give  up  more  oi  its  heat  in  order  to  overcome  the 
resistance,  and  in  this  way  it  will  lose  or  part  with  more  heat.  The 
amount  of  work  done  is  shown  by  the  indicator  card,  and  can  be 
estimated.  The  mechanical  work  done  by  the  air  in  this  expansion 
is  exactly  the  same  as  that  done  upon  it  during  its  compression,  but 
there  is  in  addition  the  further  loss  of  energy,  due  to  the  internal 
work  done  in.the  air  during  the  expansion,  so  that  what  has  been  done 
to  the  air  during  the  entire  process  has  been  to  extract  some  of  its 
original  store  of  heat,  thus  reducing  its  temperature;  and  the  cold  air 
is  now  ready  to  restore  its  deficiency  at  the  expense  of  the  surrounding 
hotter  bodies. 

The  greatest  theoretical  efficiency  of  a  refrigerating  machine  is 
expressible  by  the  equation  ; 

XI  -  Z— Y^ 

X  denoting  the  heat  units  which  are  abstracted. 

X*  denoting  the  total  of  heat  units  representing  work  effected. 

Y  denoting  the  absolute  lower  temperature. 

Z  denoting  the  absolute  higher  temperature. 

In  all  refrigerating  machines,  other  matters  being  equal,  a  limited 
range  of  temperature  gives  the  largest  amount  of  efficiency,  and  the 
more  extended  the  range  of  temperature  the  less  will  be  the  degree 
of  efficiency  developed;  the  efficiency,  moreover,  advances  proportion- 
ately to  a  rise  in  the  lowest  limit  of  the  range  of  temperature. 

Shortly,  the  work  demanded  of  a  refrigerating  machine  is  to 
extract  heat  from  a  cold  body,  say  from  the  air  in  an  enclosed  space, 
such  as  a  refrigerating  chamber,  and  by  the  expenditure  of  mechanical 
energy  to  sufficiently  raise  the  temperature  of  this  heat  to  admit  of  its 
being  carried  away  by  a  suitable  external  agent,  the  latter  being  most 
usually  water,  which  is  not  only  the  cheapest  one  available,  but  also  has 
a  greater  capacity  for  heat,  weight  for  weight,  than  any  other  known 
substance,  and  is  taken  as  the  standard  of  comparison,  its  specific  heat 
being  taken  as  unity. 

It  has  been  already  stated  that  heat  cannot  be  communicated  from 
a  cold  body  to  one  at  a  higher  temperature  without  compensation  tak- 
ing place,  and  as  the  heating  of  cold  bodies  is  not  refrigeration,  an 
explanation  of  the  nature,  extent,  and  necessity  of  this  compensation 
is  called  for. 

Let  us  suppose  that  it  is  desired  to  cool  some  agent  or  medium, 
say  air  for  an  example,  at  a  temperature  of  60°  Fahr.,  a  liquid  at  a 
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temperature  of  zero  Fahr.  being  available  which  has,  say,  the  same 
specific  heat  as  water.  On  mixing  loo  cubic  feet  of  this  air  with 
ten  pounds  of  the  liquid,  it  will  be  found,  as  soon  as  the  temperatures 
have  become  equalised,  that  the  air  has  been  cooled  50°,  and  the 
liquid  heated  10°,  practically  no  expenditure  of  power  being  required 
to  effect  the  mixing. 

On  the  other  hand,  supposing  that  it  is  desired  to  cool  air  at  a 
temperature  of  60°  Fahr.,  and  that  water  at  80°  Fahr.  is  available  for 
the  purpose  of  absorbing  the  heat,  then  in  this  case  as  the  substance 
to  be  cooled  is  the  colder  body,  some  means  must  be  found  of  reversing 
the  relative  temperatures  of  the  two  substances.  According  to  Boyle's 
or  Mariotte's  law,  the  temperature  remaining  the  same,  the  volume  of 
any  given  quantity  of  gas  will  be  in  the  inverse  ratio  to  the  pressure 
which  it  sustains.  By  compressing  the  100  cubic  feet  of  air  to 
TT^ths  of  its  volume,  the  terminal  temperature  will  be  found  to  be  140° 
Fahr.,  and  if  this  air  be  mixed  whilst  under  pressure  with  10  lbs.  of 
water  at  a  temperature  of  80**  Fahr.,  it  will  be  found,  as  soon  as  the 
temperatures  become  equalized,  that  both  the  air  and  the  water  are  at  a 
temperature  of  90°.  By  allowing  this  air  to  expand  to  normal  pressure, 
its  final  temperature  will  be  found  to  be  10°  Fahr.,  or  reduced  to  a 
similar  temperature  as  in  the  first  case.  In  the  above  example,  the 
compression,  cooling,  and  expansion  are  assumed  to  be  all  effected  in 
the  same  cylinder,  and  without  transference  of  heat  to  or  from  the 
exterior. 

It  will  be  seen  that,  in  both  of  the  above  cases,  100  cubic  feet  of 
air  has  been  reduced  in  temperature  by  50°  Fahr.  The  heat  removed 
or  abstracted  was  in  the  first  instance  communicated  to  a  liquid  at  a 
low  temperature,  no  compensation  taking  place,  whilst  in  the  second 
case  the  heat  removed  or  abstracted  was  taken  up  by  water  at  an 
initial  temperature  considerably  above  that  of  the  said  air,  which 
action  necessitated  the  temperature  of  the  latter  being  raised  by  com- 
pression, thereby  consuming  a  certain  amount  of  power  in  doing  so, 
which  consumption  of  power  in  the  above  case,  allowing  for  friction, 
may  be  taken  as  27,500  ft.-lbs. 

We  have  already  seen  that  the  mechanical  equivalent  of  heat  is 
778  ft.-lbs.  per  British  thermal  unit  (B.T.U.  or  heat  unit,  viz.,  Ihe 
quantity  of  heat  required  to  raise  one  pound  of  pure  water  one  degrcor 
Fahrenheit,  or,  more  exactly,  from  391°  to  40'i^)>  therefore: 

^  =  35-3  B.  T.  U. 
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This,  however,  as  above  mentioned,  is  on  the  assumption  that 
compression;  cooling,  and  expansion,  all  take  place  in  the  same  cylinder 
and  without  loss  or  accession  of  heat  to  the  exterior,  an  impossible 
arrangement  in  practice,  and  if  the  air  be  compressed  in  one  cylinder 
and  passed  into  other  cylinders  against  pressure  for  cooling  and  ex- 
pansion, as  it  would  be  in  an  actual  working  arrangement,  another 
122,000  ft.-lbs.  would  be  consumed  for  the  discharge  of  the  air  against 
pressure,  whilst  there  would  be  a  recovery  of  80,000  ft.-lbs.  due  to  the 
expansion  of  the  compressed  air  behind  a  piston,  and  we  have  there- 
fore, 27,500  ft.-lbs.  +  122,000  ft.-lbs.  =  149,500  ft.-lbs.  —  80,000  ft.-lbs. 
=  69,500  ft.-lbs.  as  the  expenditure  of  power  required  to  cool  100  cubic 
feet  of  air  50^  with  cooling  or  condensing  water  at  a  temperature  of 
80°  Fahrenheit. 

The  principles  involved  in  the  process  are  very  simple,  as  will  be 
readily  seen  from  the  above.  The  main  point  is  that  the  temperature 
of  the  substance  or  agent  to  be  cooled  must  be  raised  above  that  at 
which  the  water  available  for  condensing  purposes  happens  to  be,  the 
exact  amount  of  this  additional  temperature  must  be  regulated  by  the 
temperature  at  which  it  is  required  that  the  medium  or  agent  should 
be  on  leaving  the  expansion  cylinder.  Another  absolute  necessity  is 
the  provision  of  a  suitable  cooling  medium,  such  as  water,  which  will 
take  up  the  heat  given  off  from  the  medium  or  agent  to  be  cooled, 
which  cooling  or  condensing  water  can  be  run  to  waste,  or  cooled  for 
further  use  for  the  same  purpose. 

Finally  it  must  be  borne  in  mind  that  all  substances  contain,  more 
or  less,  heat;  and  that  as  heat  cannot  be  created,  nor  yet  can  it  be 
destroyed,  a  body  can  only  be  reduced  in  temperature  by  the  trans- 
ference of  more  or  less  of  its  heat  to  another  body. 

The  abstraction  of  heat,  therefore,  from  one  body  and  its  transfer 
to  another,  called  the  refrigerating  or  cooling  agent,  is  naturally  the 
main  function  of  refrigerating  and  ice-making  apparatus,  and  in  order 
to  insure  continuity  of  action,  the  said  refrigerating  agent — the  tem- 
perature of  which  must  necessarily  be  lower  than  that  of  the  sub- 
stance upon  which  it  is  desired  to  act — ^must  be  either  periodically 
renewed,  or  suitable  means  must  be  provided  for  the  removal  therefrom 
of  the  heat  extracted  or  abstracted  from  the  latter.  That  is  to  say, 
a  continuously  working  machine  comprises  a  heat-abstracting  appara- 
tus, and  suitable  means  for  automatically  renewing  at  the  requisite 
intervals  the  cooling  agent  or  medium,  or  for  the  removal  from  the  lat- 
ter of  the  heat  extracted  from  the  body  it  is  desired  to  cool,  so  as  to 
enable  it  to  be  used  over  and  over  again  in  a  continuous  cycle. 

c 
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In  short  a  refrigerating  machine,  in  a  few  words,  may  be  described 
as  a  heat  pump. 

The  various  inventions  for  refrigerating  and  ice-making  that  are 
now  in  use,  can  be  conveniently  classified  for  the  present  purpose  under 
the  following  five  principal  heads,  viz. : — 

First,  those  wherein  the  more  or  less  rapid  dissolution  or  liqu^ac- 
tion  of  a  solid  is  utilised  to  abstract  heat.  This  is,  strictly  speaking, 
more  a  chemical  process. 

Second,  those  wherein  the  abstraction  of  heat  is  effected  by  the 
evaporation  of  a  portion  of  the  liquid  to  be  cooled,  the  process  being 
assisted  by  an  air-pump.     This  is  known  as  the  vacuum  system. 

Third,  those  wherein  the  abstraction  of  heat  is  effected  by  the 
evaporation  of  a  separate  refrigerating  agent  of  a  more  or  less  volatile 
nature,  which  agent  is  subsequently  restored  to  its  original  physical 
condition  by  mechanical  compression  and  cooling.  This  is  called  the 
compression  system. 

Fourth,  those  wherein  the  abstraction  of  heat  is  effected  by  the 
evaporation  of  a  separate  refrigerating  agent  of  more  or  less  volatile 
nature  under  the  direct  action  of  heat,  which  agent  again  enters  into 
solution  with  a  liquid.     This  is  termed  the  absorption  system. 

Fifth,  those  wherein  air  or  other  gas  is  first  compressed,  then 
cooled,  and  afterwards  permitted  to  expand  whilst  doing  work,  or 
practically  by  first  applying  heat,  so  as  to  ultimately  produce  cold. 
These  are  usually  designated  as  cold-air  machines. 
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Use  of  by    the   Ancients. — 'Various  Machines  Operating  on  the.— General  Laws 
Croverning  Prodaction  of  Cold  by. — Principal  Freezing  Mixtures. 

Liquefaction,  or  the  utilisation  of  the  more  or  less  rapid  dissolution 
of  a  solid  to  abstract  heat,  is  one  of  the  most  ancient  methods  employed 
for  artificial  cooling.  The  reduction  of  temperature  of  water  and  other 
liquids  by  the  melting  of  saltpetre  is  said  to  have  been  known  in  India 
at  a  very  remote  period,  and  it  is  on  record  that  one  Blasius  Villa- 
franca,  a  physician  of  R.ome,  utilised  it  for  this  purpose  as  early  as 
1550.  The  Romans  are  said  to  have  cooled  wine  by  immersing  the 
bottle  containing  the  latter  in  a  second  vessel  filled  with  cold  water 
into  which  saltpetre  was  gradually  thrown,  whilst  at  the  same  time  the 
said  bottle  was  rotated  rapidly.  Freezing  water  by  the  use  of  a  mix- 
tiu"e  of  snow  or  powdered  ice  and  saltpetre  was  mentioned  by  Latinus 
Tancredus,  of  Naples,  in  1607,  and  wine  by  means  of  snow  and  com- 
mon salt  by  Santorio  in  1626.  This  was  also,  in  all  probability,  the 
method  employed  by  the  Esthonian  tribe  for  producing  artificial  cold, 
and  freezing  the  dead,  and  liquids,  as  motioned  by  Orosius  about 

A.D.  400. 

To  this  class  belong  the  numerous  ordinary  and  well-known 
machines  and  apparatus  employed  for  icing  creams,  lemonades,  etc., 
which  usually  consist  of  a  tub  constructed  of  wood  into  which  a  vessel 
containing  the  substance  to  be  cooled  or  frozen  is  placed,  and  is 
surrounded  by  a  frigorific  agent,  such  as  a  mixture  of  pounded  ice  or 
snow  and  chloride  of  sodium;  or  a  combination  of  certain  chemicals 
may  be  substituted  for  the  former. 

This  method  is  also  used  on  a  more  extensive  scale  for  ice-making 
and  cooling,  but  although  ice  can  be  produced  on  a  commercial  scale 
with  improved  apparatus,  it  is  still  more  expensive  than  strictly 
mechanical  methods.  The  best  among  the  many  forms  of  apparatus 
for  making  ice  on  this  principle  are  probably  those  of  Toselli  and 
Siemens. 
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In  Toselli's  machine  the  frigorific  agent  consists  of  a  mixture  of 
ammonium  nitrate  and  water,  which  produces  a  reduction  of  tempera- 
ture of  about  40°  Fahr.  The  apparatus  requisite  is  one  of  extreme 
simplicity,  consisting  merely  of  a  vessel  in  which  the  solution  of  the 
salt  is  effected,  and  a  can  wherein  are  placed  a  number  of  moulds  of 
different  sizes,  circular  in  cross  section,  and  formed  with  a  slight  taper. 
These  moulds,  previously  filled  with  water,  are  inserted  in  the  freezing 
mixture,  and  a  thin  film  of  ice  is  formed  round  their  edges  in  a  few 
minutes;  these  slightly  tapered  tubes  of  ice  are  then  withdrawn  from 
the  moulds,  and  placed  one  inside  the  other,  thus  forming  a  small 
stick  of  ice.  The  relative  dimensions  of  the  moulds  are  of  course  such 
as  to  form  the  ice  tubes  suitably  proportioned  to  admit  of  the  above 
operation. 

In  Siemens*  apparatus  calcium  chloride  is  employed  as  the  frigorific 
agent.  The  dissolution  of  this  salt  in  water  produces  a  reduction  of 
temperature  of  only  about  30°  Fahr.,  and  to  admit  of  this  reduction 
being  sufficient  to  produce  ice  with  water  at  an  initial  temperature  of 
65°  Fahr.,  a  heat  interchanger  is  provided,  wherein  the  spent  liquor, 
which  is  at  a  temperature  of  about  30°  Fahr.,  is  employed  to  cool  the 
water  before  it  is  mixed  with  the  salt.  It  will  thus  be  seen  that  there 
will  be  a  gain  in  reduction  of  temperature  equivalent  to  the  amount 
of  this  cooling  action.  The  salt  can  be  recovered  by  evaporation,  and 
employed  over  and  over  again.  This  apparatus  is  stated  to  have 
worked  well,  producing  ice  on  a  large  scale  in  a  satisfactory  manner, 
but  owing  to  its  being  on  the  whole  found  to  be  inferior,  and  more 
costly  than  purely  mechanical  methods  of  producing  ice,  it  has  never 
come  into  general  use. 

In  an  American  machine,  wherein  ammonium  nitrate  is  likewise  em- 
ployed as  the  frigorific  agent,  cylindrical  receptacles  fitting  one  within 
the  other,  so  as  to  leave  annular  spaces  or  clearances,  are  provided. 
The  water  to  be  frozen  is  placed  in  the  centre,  the  frigorific  agent  in 
the  said  annular  spaces  or  clearances,  so  that  the  first  or  outermost 
acts  to  cool  the  second,  the  second  the  third,  and  the  third  the  fourth, 
and  so  on,  the  cold  being  intensified  at  the  centre  in  accordance  with 
the  number  of  the  said  annular  spaces  containing  the  frigorific  agent. 
The  series  of  cylindrical  vessels  or  receptacles  are  arranged  in  a 
wooden  outer  casing  so  mounted  as  to  be  capable  of  being  slowly  re- 
volved, and  thereby  promoting  the  more  rapid  dissolution  of  the  salt. 
This  apparatus  is  analogous  to  that  employed  many  years  ago  on  a 
small  scale  for  laboratory  experiments  by  Walker,  and  by  means  of 
which  he  succeeded  in  sinking  the  spirit  10—91°  Fahr. 
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When  any  of  the  above  methods  are  employed  for  refrigerating 
purposes,  brine,  previously  cooled  in  the  apparatus,  is  circulated  in  the 
usual  manner  through  a  system  of  cooling  pipes. 

The  general  law  governing  the  production  of  cold  by  frigorific 
mixtures  is,  that  during  the  liquefaction  of  a  solid,  a  certain  amount 
of  heat  not  indicated  by,  or  sensible  to,  the  thermometer  is  absorbed, 
which  heat  is  abstracted  from  any  surrounding  bodies.  The  absorp- 
tion of  heat,  consequently  the  production  of  cold,  in  the  said  environ- 
ing bodies  is  the  more  marked  in  proportion  as  the  solid  is  more  sud- 
denly or  rapidly  liquefied. 

The  following  observations  on  frigorific  mixtures  are  extracted  from 
a  paper*  on  "Refrigerating  and  Ice^making  Machinery  and  Appli- 
ances," by  Mr.  T.  B.  Lightfoot,  C.E.,  M.I.C.E.,  who  is  a  well-known 
authority  upon  the  subject :  "  When  a  substance  changes  its  physical 
state,  and  passes  from  the  solid  to  the  liquid  form,  the  force  of  cohe- 
sion is  overcome  by  the  energy  in  the  form  of  heat.  The  effect  may  be 
produced  without  change  in  sensible  temperature,  if  the  heat  be 
absorbed  at  the  same  rate  as  it  is  supplied  from  without.  Thus,  as  is 
well  known,  the  temperature  of  melting  ice  remains  constant  at  32** 
Fahr.,  and  any  increase  or  decrease  in  the  heat  supplied  merely  hastens 
or  retards  the  rate  of  melting  without  affecting  the  temperature. 
Mixtures  of  certain  salts  with  water  or  acids,  and  of  some  salts  with  ice, 
which  form  liquids  whose  freezing  points  are  below  the  original  tem- 
peratures of  the  mixtures,  do  not,  however,  behave  in  this  way;  for 
under  ordinary  circumstances  the  tendency  to  pass  into  the  liquid 
form  is  so  strong,  that  the  heat  is  absorbed  at  a  greater  rate  than  it  can 
be  supplied  from  without.  The  store  of  heat  of  the  melting  substances 
themselves  is  therefore  drawn  upon,  and  the  temperature  consequently 
falls  until  a  balance  is  set  up  between  the  rate  of  melting  and  the  rate 
at  which  heat  is  supplied  from  outside.  This  is  what  takes  place  with 
ordinary  freezing  mixtures.  The  amount  of  the  depression  in  tempera- 
ture appears  to  depend  to  some  extent  on  the  state  or  hydration  of  the 
salt,  and  the  percentage  of  it  in  the  mixture.  Almost  the  only  salts 
used  are  those  of  certain  alkalies,  few  others  possessing  the  requisite 
solubility  at  low  temperatures." 

♦  **  Proceedings,  Institution  of  Mechanical  Engineers,'*  1886,  p.  201. 
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Table  of  Principal  F&eezing  Mixtures. 


COMPOSITION  OF  FREEZING  MIXTURES. 


Snow  or  pounded  ice,  2  parts ;  muriate  of  soda  i 

pan         «•  .,  («  ,a  (* 

Snow  5 ;   muriate  of  sodium  2 ;   muriate  of  am 


monia,  i 


Snow  24  ;  muriate  of  sodium  10 ;  muriate  of  am 

monia  5  ;  nitrate  of  potash  5 
Snow  12  ;  muriate  of  sodium  5 ;  nitrate  of  am 

monia  5 


muriate  of  lime  5 

chloride  of  sodium  or  common  salt  I 

muriate  of  lime  crystallized  3    . . 

dilute  sulphuric  acid  2    . .         .  • 

hydrochloric  acid  5         . .         .  • 

dilute  nitric  add  4  . .         .  • 

chloride  of  calcium  5 

chloride  of  calcium  crystsdlized  3 

potassium  4  

chloride  of  sodium  i 

chloride  of  sodium  2 ;  chloride  of  am 

■*•*  ••  ••  ••  •• 

chloride  of  sodium  10 ;  chloride  of  am 
a  5  ;  nitrate  of  potassium  5 
;  chloride  of  sodium  5  ;  nitrate  of  am 
••J  ••         ••         ••         .• 

dilute  sulphuric  acid   i ;   dilute  nitric 


Snow  4 
Snow  I 
Snow  2 
Snow  3 
Snow  3 
Snow  7 
Snow  8 
Snow  2 
Snow  3 
Snow  2 
Snow  5 

mom 
Snow  14 

mon; 
Snow  12 

moni 
Snow  2 ; 

acid  I.,         ,,         ,,         ,,         ,, 
Snow  12 ;  common  salt  5  ;  nitrate  of  ammonia 
Snow  1 ;  muriate  of  lime  3 
Snow  8 ;  dilute  sulphuric  acid  10  . . 
Chloride  of  ammonia  5 ;  nitrate  of  potassium 

water  16  

Nitrate  of  ammonia  i  ;  water  i     . . 

Chloride  of  ammonia  5 ;  nitrate  of  potassium 

sulphate  of  sodium  8  ;  water  16 
Sulphate  of  sodium  5  ;  dilute  sulphuric  acid  4 
Sulphate  of  sodium  8 ;  hydrochloric  acid  9 
Nitrate  of  sodium  3  ;  dilute  nitric  acid  2 
Nitrate  of  ammonia  i ;   carbonate  of  sodium 

water  i,,         ,.         .«         ,,         ,, 
Sulphate  of  sodium  6 ;   chloride  of  ammonia 

nitrate  of  potassium  2  ;  dilute  nitric  acid  4 
Phosphate  of  sodium  9 ;  dilute  nitric  add  4 
Sulphate  of  sodium  6;   nitrate  of  ammonia 

dilute  nitric  add  4       


Redaction  of 

temperature  in 

degrees  Fabr. 


From 


To 


+  32 

+  32 
+  32 

+  32 
+  32 
+  32 
+  32 
+  32 
+  32 


—  10 
-18 
-40 
-68 

+  50 
+  50 


-  5 

—  12 

-18 

-25 

-40 

o 

-50 

-23 

-27 

-30 
-40 

-50 

-SI 

-  5 

—  12 
-18 

-25 
-56 

-2S 

-73 
-91 


+ 
+ 


4 
4 


+50 
+50 
+50 

+  50 

+  4 

+  3 

—  0 

-  3 

+  50 

—  / 

+  50 
+  50 

—  10 

—  12 

+  50 

-14 

72 

32 
82 

55 

59 
62 

72 
82 

83 


46 

7 

33 

23 

46 

46 

46 

47 
50 
53 

57 

60 
62 

64 
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Tablk  of  Principal  Freezing  Mixtures— Cc?/////i«^</. 


COMPOSITION  OF  FREEZING  MIXTURES. 
(Materials  previously  cooled.) 


Phosphate  of  sodium  5  ;  nitrate  of  ammonia  3 ; 

dilute  nitric  acid  4 
Phosphate  of  sodium  3 ;  nitrate  of  ammonia  2 

dilute  mixed  acid  4      . . 
Snow  3 ;  muriate  of  lime  4 
Snow  1 :  muriate  of  lime  cr>'stallized  2    . . 
Snow  2  ;  muriate  of  lime  3 
Snow  8 ;    dilute  sulphuric  acid  3  ;    dilute  nitric 

aciQ  S      *  *  **  **  **  ** 

Snow  3  ;  dilute  nitric  acid  2 
Snow  I  ;  dilute  sulphuric  acid  i    • . 
Snow  2  ;  muriate  of  lime  crystallized  3    . . 
Snow  8 ;  dilute  sulphuric  acid  10  . . 


Reduction  of 
temperature  in 
degrees  Fahr. 


From         To 


-34 

+  20 
O 

-15 
—  10 

o 
—  20 


o       — 


34 

•50 
.48 

66 

68 

•56 

.46 

60 

73 
91 


CHAPTER  IV. 
THE  VACUUM  PROCESS. 

Principles  of. — First  Machine  Working  on. — More    Recent  Types  of  Machines 

Working  on. 

The  abstraction  of  heat  by  the  evaporation  of  a  portion  of  the  liquid 
to  be  cooled,  the  process  being  assisted  by  an  air-pump,  or  the  vacuum 
process,  includes  all  such  machines  as  operate  to  extract  heat  by 
the  evaporation  or  vaporisation  of  a  portion  of  the  water  or  other  liquid 
to  be  cooled  or  frozen. 

The  cooling  of  liquids  on  this  principle  depends  upon  the  conver- 
sion of  the  sensible  heat  into  latent  heat  during  evaporation,  and,  in  its 
most  primitive  form,  its  use  is  almost  co-existent  with  that  of  the  world, 
having  been  commonly  employed  for  refrigerating  purposes  in  all 
ages.  It  is  obvious,  however,  that  as  a  portion  of  the  liquid  to  be 
cooled  is  permitted  to  go  to  waste,  it  can  be  only  profitably  applied 
direct  to  liquids  of  little  or  no  value,  such  as  water. 

A  common  example  of  this  method  in  its  crudest  form  is  found  in 
the  ancient  plan,  so  universally  adopted  in  hot  climates,  of  cooling 
water  by  the  evaporation  of  a  portion  of  the  contents  of  a  porous 
jar  or  vessel  from  the  outer  surface  thereof,  by  hanging  the  said  vessel 
in  a  position  where  it  will  be  subjected  to  either  a  natural  or  an  arti- 
ficial draught. 

It  is  stated  that  the  practice  of  procuring  ice  by  exposing  water 
to  the  night  air  in  shallow  porous  vessels  has  been 'practised  in  India 
during  the  cool  season  from  the  remotest  ages.  The  said  vessels  are 
placed  on  a  bed  of  straw,  cornstalks,  or  megass  (crushed  cane  stalks) 
in  shallow  excavations  made  preferably  in  an  exposed  situation  on  an 
extensive  plain,  being  filled  with  water  to  be  congealed  or  frozen,  and 
in  the  morning,  provided  the  night  be  clear,  are  found  covered  with 
thin  crusts  of  ice. 

This  process  is  also  said  Jto  have  been  practised,  both  in  France 
and  in  this  country,  in  the  latter  part  of  the  last  century,  with  perfect 
success,  so  far  at  least  as  the  production  of  ice  was  concerned,  but  it 
failed  commercially  by  reason  of  the  large  expenses  entailed. 
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The  first  machine  on  the  vacuum  principle  for  the  production  of 
artificial  ice  by  the  conversion  of  sensible  into  latent  heat  by  evapora- 
tion, of  which  there  is  any  record,  was  that  invented  by  Dr.  Cullen, 
■"  17551  w^io  ill  that  year  made  the  discovery  that  the  evaporation  of 
water  could  be  facilitated  by  the  removal  of  the  atmospheric  pressure 
by  means  of  an  air  pump,  to  such  a  degree  as  to  enable  him  to  freeze 
water  even  in  summer. 

This  apparatus  was  the  parent  of  all  those  subsequently  designed 
for  cooling  and  congealing  liquids  by  their  own  evaporation  in  vacuo, 
that  is  to  say,  wherein  the  vapour  is  drawn  off  from  the  partial  vacuum 


Fig.  4. — Carri's  Sulphuric  Acid  Vacuum  Freezing  Machine.     Vertical  secliou. 

wherdn  it  is  formed,  and  is  condensed  in  another  partial  vacuum  with 
or  without  the  help  of  absorbents,  and  is  expelled  by  pressure. 

In  1777,  Nairne  found  that,  by  the  introduction  of  sulphuric  acid 
into  a  receiver  for  the  exhaust,  the  aqueous  vapour  coulil  be  absorbed 
from  the  rarified  air  and  the  latter  dried;  and  by  taking  advantage 
of  this  discov«7  he  was  enabled,  in  1810,  to  construct  an  apparatus 
wherein  he  got  rid  of  the  vapour  that  rose  from  the  water,  and  thus 
prevented  it  from  forming  a  permanent  atmosphere,  and  hindering  the 
continuity  of  the  operation. 

Further  attempts  were  made  by  Leslie  {1810),  Vallance  (1824}, 
Kingsford  (1825),  and  others,  but  without  any  much  greater  success 
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attending  their  efforts,  Edmond  Carre's  sulphuric  acid  freezing  machine 
being  the  first  to  be  commercially  successful. 

This  apparatus,  acting  to  refrigerate  by  evaporation  and  rarification, 
and  which  was  adapted  to  produce  the  carafes  frappes  commonly  used 
in  Parisian  caf^s  and  restaurants,  consisted,  as  shown  in  Fig.  4,  of  a 
cylindrical  vessel,  a,  intended  to  contain  the  charge  of  concentrated 
sulphuric  acid;  an  air-pump,  b,  so  arranged  that  it  could  be  connected 
to  the  mouth  of  the  carafe,  and  of  an  agitator,  c,  which  is  so  coupled 
to  the  air-pump  lever  that  it  will  be  operated  during  the  working  of  the 
said  pump  in  such  a  manner  as  to  keep  the  sulphuric  acid  in  the 
cylindrical  vessel  a  continually  in  motion. 

The  machine  of  co\jrse  only  operates  intermittingly,  but  the  large 
body  of  sulphuric  acid  used  in  the  vessel  a  prevents  a  rapid  loss  of 
absorptive  power  taking  place  through  dilution,  and  the  agitation 
obviates  the  formation  of  a  more  diluted  stratum  on  the  surface,  which 
would  be  highly  detrimental  to  the  proper  working  of  the  apparatus. 

The  chief  drawback  to  this  machine,  besides  its  intermissive  action, 
is  the  difficulty  experienced  in  maintaining  the  pump  in  good  working 
order,  and  the  various  joints  all  perfectly  gas  tight. 

Franz  Windhausen  patented  in  1878  a  compound  vacuum-pump 
designed  to  produce  ice  directly  from  water  without  using  sulphuric 
acid ;  and  likewise  a  modified  arrangement  wherein  sulphuric  acid  could 
be  employed.  In  this  latter  apparatus  the  sulphuric  acid  is  cooled  by 
water  whilst  absorbing  the  vapour,  and  is  subsequently  concentrated, 
when  it  becomes  over-diluted,  thus  obviating  the  necessity  for  the  in- 
sertion of  a  fresh  supply  of  acid. 

An  improved  form  of  this  machine  constructed  in  1881,  nominally 
capable  of  producing  from  12  to  15  tons  of  ice  per  24  hours,  and  which 
was  first  put  up  at  the  Aylesbury  Dairy,  Bayswater,  London,  and  after- 
wards removed  to  Brompton,  was  fully  described  at  the  time  in  a 
paper*  written  by  Dr.  Hopkinson. 

The  ice-forming  vessels  or  moulds,  which  are  six  in  number,  are 
constructed  of  cast-iron,  circular  in  transverse  section,  and  slightly 
tapered.  These  cans,  moulds,  or  cases  moreover  are  steam-jacketed, 
so  as  to  admit  of  the  ice  being  melted  or  thawed  off  and  readily  dis- 
engaged therefrom,  and  are  provided  at  their  lower  ends  with  hinged 
doors,  which,  when  closed,  form  fluid-tight  joints. 

The  sulphuric  acid  is  contained  in  a  long  cylindrical  vessel  wherein 
rotating  agitators  maintain  the  said  acid  in  continual  motion  during 
the  operation  of  the  apparatus,  and  the  said  cylindrical  vessel  is  water- 

♦  "Journal  of  the  Society  of  Arts,"  1882,  Vol.  xxxi.,  p.  20. 
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jacketed  so  as  to  carry  off  the  greater  portion  of  the  heat  that  becomes 
liberated  during  the  absorption  of  the  vapour. 

The  sulphuric  acid  cylinder  or  vessel  communicates  with  the  upper 
parts  of  the  ice-forming  vessels  or  moulds,  and  with  the  vacuum-pump, 
which  latter  has  two  cylinders,  viz.,  a  large  double-acting  one  and  a 
small  single-acting  one. 

The  water  is  admitted  to  the  moulds  through  nozzles  at  a  regulated 
rate,  the  fine  streams  offering  an  extended  surface  for  evaporation, 
and  becoming  instantly  congealed  into  ice  globules  or  particles  which, 
falling  into  the  bottoms  of  the  said  moulds,  are  frozen,  together  with 
the  water  that  collects  there. 

In  the  operation  of  the  apparatus  the  air,  and  any  vapour  that  may 
pass  over  from  the  sulphuric  acid  cylinder  or  vessel,  are  drawn  into 
the  large  pump-cylinder,  by  which  they  are  slightly  compressed  and 
passed  on  into  the  condenser,  wherein  a  portion  of  the  said  vapour  is 
condensed  by  cold  water,  the  rest,  together  with  the  air,  entering  the 
second  or  smaller  pump-cyltnder,  where  they  are  compressed  up  to 
the  tension  of  the  atmosphere  and  discharged.  This  pump,  it  is  stated, 
admits  of  a  vacuum  of  half  a  millimetre  of  mercury  being  constantly 
maintained;  2j^  mm.,  however,  being  as  low  a  vacuum  as  it  is  found 
necessary  to  have  dming  actual  work. 

By  the  employment  of  a  compound  pump  with  an  intermediate  con- 
denser, and  performing  the  compression  in  two  distinct  stages,  the 
losses  that  would  otherwise  occur  from  the  clearance  spaces  in  the 
large  pump  are  greatly  reduced. 

The  concentrator  for  the  diluted  sulphuric  acid  consists  in  a  lead- 
lined  vessel  or  receptacle  fitted  with  a  steam-heated  coil  of  lead  piping 
and  connected  with  an  ordinary  air-pump.  The  acid  is  transferred 
from  one  vessel  to  the  other  by  atmospheric  pressure,  and  the  diluted 
or  weak  acid,  which  is  at  a  comparatively  low  temperature,  is  heated  on 
its  way  to  the  concentrator  in  an  interchanger,  by  the  strong  concen- 
trated acid  returning  from  the  latter. 

The  ice  produced  by  this  machine,  like  that  of  all  those  on  the 
vacuum  principle  acting  direct,  is  in  an  opaque  and  porous  condition; 
and  the  avoidance  of  this  defect,  and  the  production  of  clear  trans- 
parent crystal  ice  by  freezing  it  in  moulds  plunged  in  brine  previously 
cooled  by  evaporation  in  a  vacuum,  would  render  the  process  too  ex- 
pensive to  be  commercially  successful. 

The  total  amount  of  water  that  is  used  in  working  is  from  10  to  12 
tons  per  ton  of  ice,  and  the  fuel  180  lbs.  of  coal  to  each  ton  of  ice 
produced ;  the  latter  is  employed  in  raising  the  requisite  supply  of  steam 
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for  driving  the  pumps,  and   heating  the  coil  in  the  sulphuric   acid 
evaporator. 

Fig.  5  is  a  vertical  ceiitral  section  partly  in  elevation  showing 
Lang^'s  improved  pump  for  exhausting  the  air  from  the  absorber  of 
a  vacuum  machine.  As  will  be  seen  from  the  drawing,  three  pistons, 
A,  B,  and  c,  are  employed,  placed  in  line  one  above  the  other,  and 
working  in  three  superimposed  cylinders.  The  valves  are  so  arranged 
that  each  of  the  uppermost  cylinders  draws  from  the  one  below,  and 
they  are  sealed  with  oil,  which  latter  constantly  circulates  through  the 
pump.     The  mixed  oil  and  air,  on  leaving  the  top  or  uppermost  cylin- 


Fig.  5. — Ijingi's  Exhaust  Pump  for  Vacuum  Freezing  Machine.     Verlica]  Section. 

der,  is  discharged  into  a  separator  d,  the  air  being  permitted  to  escape 
into  the  atmosphere,  and  the  oil  passing  into  a  receptacle  from  which 
it  can  be  returned  to  the  pump  when  required. 

The  vacuum  apparatus  for  the  refrigeration  of  a  liquid  by  its  par- 
tial evaporation,  for  which  James  Harrison  took  out  a  patent  in  1878, 
is  designed  to  produce  opaque  ice  at  a  very  low  cost  (about  one  shil- 
ling per  ton),  by  reducing  the  fuel  consumption,  which,  as  already  men- 
tioned, is  the  chief  item  of  expense.  This  is  proposed  to  be  efifected 
by  getting  rid  of  the  bulk  of  the  friction  engendered  in  the  usual 
vacuum  and  air  pumps,  and  aJso  by  a  saving  of  tiie  fuel  expended  in 
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concentrating  the  weak  or  diluted  sulphuric  acid  in  the  previously 
described  apparatus.  The  main  feature  of  Harrison's  invention  is 
the  process  of  refrigerating  by  the  evaporation  of  the  liquid  to  be 
cooled  or  congealed,  by  carrying  its  vapour  under  a  head  of  neutral 
non-evaporable  liquid,  condensing  the  compressed  vapour  at  the  ordi- 
nary temperature,  and  removing  the  resulting  liquid  and  air  by  a  pump. 
One  form  of  his  apparatus  consists  in  a  rotating  pump  or  cylinder 
which  seems  to  provide  a  ready  means  of  exhausting  large  volumes 
of  low  tension  vapour,  without  the  expense  of  the  labour  entailed  in 
maintaining  ordinary  piston  packings  in  an  effective  condition,  and  the 
great  loss  through  friction  therefrom.  This  device  consists,  as  will  be 
seen  from  the  sectional  diagramatical  view,  Fig.  6,  of  an  iron  cylinder. 


Fig.  6. — Diagram  illustrating  Harrison's  Rotating  Exhaust  Pump  or  Cylinder. 

rotatahly  mounted  horizontally  upon  hollow  or  tubular  shafts  or  axles, 
and  divided  internally  into  different  compartments  by  longitudinal  par- 
titions of  an  L  shape  in  transverse  section.  This  cylinder  is  connected 
through  one  of  the  hollow  shafts  or  axles  with  the  refrigerating  or  ice- 
making  vessels  or  moulds,  which  may  be  of  any  convenient  form,  and 
it  is  partly  filled  with  oil  or  other  liquid,  which  latter  must  in- 
variably be  either  non-evaporable  or  one  which  is  only  vaporisable  at 
a  temperature  greatly  in  excess  of  that  at  which  the  refrigerating  liquid 
can  be  vaporised,  and  it  must,  moreover,  be  perfectly  neutral  chemi- 
cally to  the  vapour  with  which  it  will  be  brought  into  contact  when  the 
machine  is  at  work. 

"The  operation  of  the  apparatus  is  as  follows,  viz. : — The  cylinder 
rotates  upon  one  of  the  fixed  hollow  axles,  through  which  the  vapour 
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or  gas  to  be  compressed  is  delivered  from  the  refrigerator  or  ice-making 
vessels,  and  the  longitudinal  partitions  or  compartments  moving  round 
with  their  apertures  downwards  carry  with  them  charges  erf  the  vapour, 
and  compress  them  to  a  degree  varying  in  accordance  with  the  depth  to 
which  they  dip  below  the  surface  of  the  liquid.  After  attaining  the 
lowest  position  the  compressed  vapour  is  liberated,  and  rises  into  a 
fixed  hood  or  inverted  channel,  situated  cwitrally  and  communicating 
with  the  other  hollow  shaft  or  axle,  which  is  placed  at  the  other  side 
of  the  cylinder,  through  which  it  passes  to  a  surface  condenser.  In 
this  surface  condenser  the  compressed  vapour  is  partially  condensed, 
both  by.  direct  cooling  action  and  also  by  the  evaporation  of  water  flow- 
ing over  the  surface,  and  the  condensation  water,  together  with  any  air 
present,  are  then  compressed  to  the  atmospheric  tension  and  dis- 
charged. 

Several  modifications  are  also  described,  viz. : — First,  a  series  of 
buckets  attached  to  endless  chains  dipping  into  a  reservoir  of  the  com- 
pressing liquid,  and  delivering  the  compressed  gas  or  vapour  into  a 
reservoir.  Secondly,  a  gasometer-shaped  vessel,  rising  and  falling  in  an 
annular  space  filled  with  a  non-evaporable  neutral  liquid.  The  vessel, 
on  being  lifted,  becoming  filled  with  the  air  or  vapour,  and  on  being 
depressed  delivering  it  under  a  head  of  liquid.  Thirdly,  a  tapering 
archimedean  screw  working  in  a  reservoir  of  non-evaporable  neutral 
liquid  by  which  the  vapour  is  taken  in  at  the  larger  upper  orifices,  and 
is  discharged,  compressed,  and  liquefied  at  the  lower  or  smaller  end. 
Fourthly,  pumps  with  actuated  valves  and  with  arrangements  for  com- 
plete expulsion  of  air  and  vapour.  And  finally,  fifthly,  fans  working 
in  the  air  or  vapour,  and  forcing  it  from  one  compartment  into  another, 
or  exhausting  it  and  forcing  it  into  the  atmosphere. 

A  patent  was  obtained  by  Blyth  and  Southby  some  years  back  for 
a  vacuum  refrigerating  machine  of  great  simplicity  of  design.  The 
main  feature  of  their  apparatus  consists  in  the  provision  of  two  pumps, 
viz.,  a  large  main  pump  and  a  small  auxiliaiy  one,  the  former  being 
heated  by  means  of  a  steam  jacket  or  otherwise. 

The  large,  single-acting,  steam- jacketed  vapour  pump,  is  driven  by 
a  crank,  which  is  situated  beneath,  and  is  enclosed  in  a  suitable  cylin- 
drical casing  or  chamber,  ha\ing  at  one  side  a  door  or  cover,  admitting 
of  access  thereto,  and  so  arranged  that  when  closed  it  forms  a  gas-tight 
joint.  The  crank  is  driven  by  belt  gearing,  from  any  suitable  source 
of  motive  power,  and  the  pulley  for  the  latter  is  fixed  upon  the  end  of 
a  shaft  or  spindle  passing  through  a  stuffing  box  provided  upon  the 
opposite  side,  or  wall,  of  the  crank  chamber,  to  that  fitted  with  the 
door  or  cover. 
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A  heavy  balanced  fly-wheel  is  also  mounted  upon  the  crank  shaft, 
and  is  enclosed  within  the  said  chamber,  which,  as  above  mentioned, 
is  made  perfectly  fluid  tight. 

The  ice  box  is  fitted  with  an  automatic  feeding  arrangement  for 
filling  the  ice-can  or  case  with  water,  which  mechanism  is  operated  by 
an  eccentric  upon  the  crank  shaft,  and  the  said  box  is  connected  with 
the  pump  through  a  pipe  governed  by  a  stop-cock  or  valve,  a  similar 
cock  or  valve  being  also  fitted  in  the  pipe  leading  to  the  cooling  vessel, 
and  another  suitable  valve  in  the  vapour  exit  to  the  condenser. 

A  double-acting  air  or  ejector  pump  worked  off  the  eccentric  is 
moreover  provided  for  removing  the  air  from  the  interior  of  the 
machine,  and  a  vacuum  gauge  for  ascertaining  the  degree  of  vacuum 
produced. 

The  operation  of  the  machine  is  as  follows,  viz. : — ^Any  air  that  may 
be  contained  within  the  large  pump  cylinder  is  first  pumped  or  drawn 
off  by  the  small  air  or  ejector  pump,  thereby  producing  a  vacuum 
which  is  filled  by  vapour  from  the  water  to  be  frozen  or  cooled.  The 
large  single-acting  pump,  which  draws  the  vapour  from  the  water 
through  a  suction  valve  situated  in  the  piston,  compresses  this 
vapour  and  delivers  it  through  the  outlet  or  discharge  valve  to  the  con- 
denser, where  it  is  condensed  by  water  in  the  usual  manner,  is  re- 
moved by  the  small  air  or  ejector  pump,  together  with  any  air  that  may 
have  passed  into  the  machine  through  leakage,  and  is  discharged  into 
the  atmosphere.  The  vapour  is  prevented  from  condensing  in  the 
cylinder  by  the  steam-jacket,  which  maintains  the  temperature  of  the 
cylinder  above  that  at  which  the  vapoiu:  will  condense  into  water. 
Were  this  not  the  case,  and  were  the  vapour  permitted  to  condense  in 
the  cylinder,  the  quantity  to  be  discharged  would  be  so  small  as  not  to 
be  capable  of  being  forced  through  the  delivery  or  outlet  valve. 

When  starting  the  machine,  communication  between  both  ends  of 
the  vapour  pump  cylinder  can  be  kept  open  for  any  requisite  length  of 
time  during  the  first  portion  of  the  delivery  stroke,  so  as  to  permit  the 
air  to  return  to  the  imderside^of  the  piston,  and  thereby  lessen  and 
regulate  the  expenditure  of  power  required  in  getting  up  the  vacuum. 
This  is  effected  by  means  of  a  bye-pass  and  valve,  which  can  be  opened 
at  starting,  and  kept  open  for  about  nine-tenths  of  the  piston  stroke, 
being  closed  gradually  as  soon  as  the  vacuum  becomes  more  perfect, 
and  altogether  as  soon  as  all  the  air  has  been  got  rid  of.  The  average 
pressure  upon  the  piston  is  light,  not  exceeding  about  one-sixth  of  a 
pound. 

In  all  the  above  arrangements,  a  portion  of  the  refrigerating  agent 
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itself,  together  with  the  heat  it  has  absorbed,  is  rejected,  consequently 
water,  as  the  only  one  sufficiently  inexpensive,  is  invariably,  employed. 
Water  has  a  boiling  point  of  212°  Fahr.  at  atmospheric  pressure,  a 
latent  heat  of  vapour  of  9666  and  a  tension  of  vapour  of  0*623,  and 
having  so  high  a  boiling  point  it  requires  a  vacuum  of  "089  lb.  per 
square  inch  to  boil  at  a  temperature  of  32°  Fahr.,  and  consequently  a 
vacuum  at  the  very  least  as  high  as  this  must  be  maintained  to  produce 
ice  by  the  vacuum  process. 

An  improved  form  of  Carry's  sulphuric  acid  freezing  machine, 
adapted  to  be  operated  by  hand-power,  is  manufactured  in  this  country 
by  the  Pulsometer  Engineering  Co.,  Limited,  London. 

This  machine  is  made  in  four  sizes.  The  smallest  sizes  only  admit 
of  very  small  quantities  of  ice  being  made,  but  with  the  two  larger 
sizes,  upwards  of  7  lbs.,  and  from  20  to  30  lbs.  of  ice  can  be  made 
respectively  in  an  hour,  or  in  the  largest-sized  machine  about  80  lbs. 
per  day. 

It  is  claimed  that  the  acid,  after  use  in  these  machines,  is  especially 
suitable  for  use  in  soda-water  making  machines,  as  having  been  diluted 
slowly  it  has  lost  the  heat  generated  by  the  mixture  of  acid  and  water, 
and  is  consequently  ready  for  immediate  service. 
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So  far  the  refrigeration  has  been  effected  by  evaporation,  the  air  gain- 
ing access  under  natural  conditions,  or  by  an  artificial  draught,  or  the 
evaporation  has  been  accelerated  by  reducing  the  atmospheric  pressure, 
the  latter  operation  being  next  still  further  facilitated  and  rendered 
practically  continuous  by  providing  for  the  absorption  of  the  vapour 
given  off  or  evolved  by  means  of  an  absorbent,  such  as  sulphuric  acid. 

More  volatile  liquids,  however,  are  employed  as  agents,  such  as,  for 
instance,  alcohol,  sulphurous  and  carbonic  acids,  bisulphide  of  carbon, 
gasoline,  ether,  methylic  and  sulphuric  ether,  carbon  bisulphide,  methyl 
chloride,  ethylene,  anhydrous  ammonia,  etc. 

In  the  year  1755,  Dr.  Cullen  found  that,  by  removing  the  atmo- 
spheric pressure,  ether  and  other  liquids  which  boil  at  low  temperatures 
would  evaporate  at  temperatures  below  freezing  point,  with  sufficient 
rapidity  to  congeal  water  brought  into  contact  with  the  exterior  sur- 
faces of  the  vessels  or  receptacles  wherein  they  were  contained. 

In  a  refrigerating  and  ice-making  apparatus  invented  by  Jacob 
Perkins  about  the  year  1834,  compression  was  first  introduced,  the 
volatile  liquid  used,  according  to  Sir  Frederick  Bramwell,  being  one 
derived  from  the  destructive  distillation  of  caoutchouc.  This  inven- 
tion of  Perkins'  is  the  origin  from  which  has  sprung  all  those  machines 
operating  upon  the  compression  principle;  that  is  to  say,  by  the  ab- 
straction of  heat  by  the  evaporation  of  a  separate  refrigerating  agent 
of  a  more  or  less  volatile  nature,  which  agent  is  subsequently  restored 
to  its  original  physical  condition  by  mechanical  compression  and 
cooling. 

Perkins'  apparatus  is  shown  in  Fig.  7  in  side  elevation,  partly  in 
vertical  section,  and  consists  simply,  as  will  be  seen  from  the  illustra- 
tion, in  a  jacketed  pan  a,  clothed  externally  with  non-conducting  mate- 
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rial,  and  a  pump  b  connected  to  the  upper  part  of  the  jacket,  and  to 
the  first  or  uppermost  convolution  of  a  coii  or  worm  fitted  in  a  tank 
or  vessel  c  wherein  cooling  water  can  be  freely  circulated,  and  the 
last  or  lowermost  convolution  of  which  coil  or  worm  is  connected  to 
the  lower  part  of  the  said  jacket.  The  water  to  be  frozen  is  placed 
in  the  jacketed  pan,  the  space  or  clearance  between  the  latter  and  the 
jacket  being  partially  filled  with  the  distillate  from  caoutchouc,  or  the 
ether,  or  other  volatile  liquid  intended  to  form  the  refrigerating  agent. 
The  vapour  given  off  or  evolved  from  the  volatile  liquid  contained  in 
this  space  or  clearance  is  drawn  off  from  the  top  by  the  pump  B,  and 
is  delivered  compressed  to  the  water-cooled  worm  or  coil,  which  is 
shown  by  dotted  lines  in  the  tank  c,  wherein  it  is  again  liquefied  and 
returned  from  the  bottom  of  the  latter  to  the  lower  part  of  the  said 
space  or  clearance.     The  complete  cycle  of  operations  is  thus  con- 


Fig.  7. — Perkins'  Early  Ty|ie  of  Comprewiion  Machine. 

tinuous,  and  the  only  loss  of  the  volatile  liquid  used  as  a  refrigerating 
agent  that  is  possible,  is  that  which  may  take  place  through  leakage. 

The  system  of  absorbing  heat  and  thus  producing  cold,  partly  by 
the  expansion  and  vaporisation  (w  gasifying,  and  subsequent  liquefac- 
tion, and  partly  by  compression  and  cooling,  is  in  accordance  with  the 
well-known  law  of  physics,  viz.,  that  all  gases  during  the  process  of 
passing  from  a  liquid  to  a  gaseous  state  are  bound  to  absorb  a  certain 
amount  of  heat,  and  whilst  returning  from  a  gaseous  to  a  liquid  state 
to  give  up  or  throw  off  the  same  amount  of  heat 

Whatever  the  refrigerating  or  heat- absorbing  agent  that  may  be 
used,  the  following  cycle  of  operations  is  obligatory  in  all  machines 
working  upon  this  principle,  viz. : — 

First,  compression,  that  is  (he  refrigerating  or  heat-absorbing  agent 
in  gaseous  form,  is  subjected  to  a  pressure  sufficient  to  reduce  it  to  a 
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liquid  form,  the  said  pressure  varying  with  the  nature  of  the  agent, 
and  the  temperature  of  the  condensing  water.  During  this  compres- 
sion, a  degree  of  heat  is  developed  in  accordance  with  the  amount  of 
pressure  to  which  the  gas  is  subjected,  or  to  the  volume  to  which  it  has 
to  be  reduced  relatively  to  that  of  the  gas,  in  order  to  produce  liquefac- 
tion.    This  heat  is  carried  off  by  means  of  condensing  or  cooling  water. 

Second,  condensation,  during  which  process  the  heat  developed 
during  the  above-described  compression  of  the  gas  is  carried  away 
by  forcing  the  latter  through  water-cooled  pipes,  the  heat  being  trans- 
ferred to  the  cooling  water.  At  this  point  the  gas  is  ready  to  assume 
the  liquid  form,  in  doing  which  an  additional  amount  of  heat  is  given 
off  to  the  water. 

Third,  expansion,  during  which  the  liquefied  gas  is  admitted  to 
series  or  coils  of  pipes,  and  being  suddenly  relieved  of  pressure, 
instantly  flashes  or  expands  into  a  gaseous  form ;  in  doing  which,  ac- 
cording to  the  above-mentioned  law  of  physics,  it  is  forced  to  absorb 
or  take  up  a  quantity  of  heat  which  it  renders  latent,  and  which  it 
draws  from  the  surrounding  objects,  viz.,  firstly,  of  course,  the  pipes  or 
coil  wherein  it  is  confined,  and  secondly,  such  substances  as  may  be 
brought  in  contact  with  the  latter,  and  which  it  is  desired  to  cool,  as 
air,  water,  brine,  etc. 

The  amount  of  heat  thus  abstracted  or  absorbed  is  equal  to  that 
previously  given  up  to  the  cooling  water  in  the  condenser,  the  gas  being 
then  ready  for  compression,  etc.,  and  the  cycle  of  operations  can  thus 
be  repeated  ad  infiniium. 

These  three  operations  being  essential,  all  machines  of  this  class, 
however  much  they  may  differ  in  more  or  less  important  points  of 
detail,  must  perforce  consist  of  the  three  main  parts  shown  in  the  dia- 
gram Fig.  8,  viz. : — 

First,  a  compressor,  a,  wherein  the  gas  is  compressed  in  some  suit- 
able and  convenient  manner. 

Second,  a  condensing  side,  b,  wherein  the  gas  circulates  through 
water-cooled  pipes  or  coils  or  their  equivalent,  gives  off  its  heat,  and 
liquefaction  takes  place. 

Third,  an  expansion  side,  c,  consisting  of  pipes  or  coils,  or  other 
space,  wherein  the  gas  can  re-expand  and  perform  its  work  of  cooling 
or  refrigerating,  by  abstracting  heat  in  the  above-described  manner 
from  the  surrounding  objects,  d  is  a  regulating  valve,  e  is  the  low 
pressure  gauge,  and  f  is  the  high  pressure  gauge. 

It  will  be  seen  that  the  heat  only  that  has  been  acquired  by  the 
refrigerating  agent  is  rejected,  the  latter  being  used  over   and  over 
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again,  the  only  loss,  therefore,  is  that  sustained  through  accidental 
leakages. 

Such  liquids  only,  however,  are  capable  of  being  used  as  refrigerat- 
ing agents  as  possess  vapours  capable  of  being  liquefied  under  pressure 
at  ordinary  temperatures.  Hence,  owing  to  the  latter  operation  being 
an  absolute  essential,  it  is  generally  known  as  the  compression  process. 

The  next  attempt  at  improvement  in  these  machines  was  made  by 
Professor  Twining,  who  obtained  a  patent  for  his  invention  in  this 
country  in  1850,  and  in  the  United  States  in  1853.  His  apparatus 
comprises  an  exhaust  or  expansion  vessel,  a  pump,  and  a  condenser. 
The  water  to  be  frozen  is  placed  in  chambers  or  cells  situated  between 
thin  metal  pipes,  plates,  or  partitions,  through  which  circulates  the 


Fig.  8. — Diagram  Illustrating  the  Operation  of  a  Refrigerating  Machine  on 

the  Compression  Principle. 


vapour  evolved  from  a  suitable  volatile  liquid,  such  as  ether,  sulphide 
of  carbon,  etc.,  which  vapour  is  drawn  off  by  an  air  pump,  compressed, 
condensed  in  a  coil  or  worm,  cooled  by  water,  and  is  then  returned  to 
the  reservoir,  in  which  it  is  once  moie  vaporised  in  a  manner  substan- 
tially similar  to  that  of  Perkins*.  Jn  fact,  as  already  intimated,  all 
machines  of  this  class  are  bound  to  operate  upon  the  same  principle 
as  that  of  the  latter  inventor,  and  can  only  differ  therefrom  in  details 
of  construction  of  more  or  less  importance. 

It  is  stated  that  a  machine  of  Twining's,  of  a  capacity  designed  to 
produce  2,000  lbs.  of  ice  in  twenty-four  hours,  was  in  operation  in  1855 
in  Cleveland,  Ohio;  and  that,  although  working  under  somewhat 
serious  disadvantages,  it  did  actually  produce  1,600  lbs.  of  ice  per 
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twenty-four  hours  in  a  tolerably  satisfactory  manner,  and  was  in  use  off 
and  on  for  about  three  years. 

Another  machine,  which  comprises  certain  further  improvements 
on  Perkins'  apparatus,  was  invented  and  patented  by  James  Harrison 
in  the  year  1856. 

The  novel  feature  claimed  especially,  in  Harrison's  compression 
machine,  is  the  evaporation  of  volatile  liquids  in  vacuo,  and  the  reduc- 
tion to  a  liquid  form  in  a  separate  vessel  by  pressure.  The  essential 
parts  of  his  apparatus  consist  of  three  vessels  connected  by  tubes,  a 
vacuum  being  established  throughout  the  apparatus,  and  the  air  bdng 
expelled  by  the  vapour  of  ether,  ammonia,  or  other  volatile  liquid. 
The  first  vessel  is  charged  with  the  volatile  liquid ;  the  second  vessel 
contains  a  pumping  and  compressing  ^paratus,  by  means  of  which 


Fig.  9,  — Harrison's  Ether  CompreBsion  Machine. 

the  vapour  is  withdrawn  from  the  first  vessel  and  forced  into  a  third ; 
and  the  third  or  last  vessel  is  immersed  in  water  or  kept  moist,  so  that 
the  heat  generated  by  the  compression  and  liquefaction  of  the  vapour 
may  be  carried  off.  The  resulting  liquid  passes  into  the  first  vessel 
to  be  again  evaporated  under  diminLshed  pressure,  and  again  with- 
drawn, compressed,  liquefied,  and  returned,  the  process  being  capable 
of  indefinite  prolongation,  until  the  apparatus  be  either  injured  or  be- 
comes worn  out. 

The  general  arrangement  of  an  improved  Harrison  machine  con- 
structed by  Siebe  Gorman  and  Co.,  is  shown  in  side  elevation  in  Fig. 
9,  wherein  a  is  the  steam-engine  cylinder;  b  is  the  pump  or  compres- 
sion cylinder,  which  is  kept  cool  by  a  suitable  water-jacket ;  c  is  the 
refrigeration,  which  consists  of  a  copper  cylinder,  fitted  with  sets  of 
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copper  tubes  arranged  horizontally;  d  is  the  ether  condenser,  which 
is  composed  of  sets  of  copper  tubes  also  arranged  horizontally  in  a 
wooden  tank  or  casing,  and  cooled  by  a  circulation  of  water. 

Suitable  connections  are  provided  between  the  refrigerator  c,  pump 
B,  and  condenser  d. 

The  refrigerating  agent  employed  in  this  apparatus  is  sulphuric 
ether,  which  is  the  result  of  the  action  of  sulphuric  acid  upon  vinous 
alcohol,  and  which  has  a  specific  gravity  of  0*7  20,  a  latent  heat  of  vapori- 
sation of  165,  a  specific  gravity  of  vapour  of  2*24  as  compared  with  air, 
and  the  boiling  point  of  which  is  96°  Fahr.  at  atmospheric  tension. 

The  liquid  sulphuric  ether  is  delivered  from  the  condenser  d  to  the 
refrigerator  c,  through  a  pipe  fitted  with  a  stop  cock,  by  means  of  which 
the  amount  admitted  can  be  nicely  adjusted  to  the  capacity  of  the 
pump  B.  The  weight  of  ether  capable  of  being  drawn  off  by  the  said 
pump  B  is  dependent  upon  the  pressure  at  which  evaporation  takes 
place,  as  it  is  perfectly  obvious  that  the  denser  the  said  vapour,  the 
greater  the  weight  drawn  off  at  each  stroke  of  the  pump. 

In  order  to  ensure  this  apparatus  working  up  to  its  fullest  capacity 
the  boiling  point  of  the  sulphuric  ether  must  be  so  .regulated  as  to  im- 
part the  exact  reduction  of  temperature  desired,  consequently  the  pres- 
sure at  which  evaporation  is  caused  to  take  place  depends  upon  the 
degree  of  temperature  to  which  it  is  required  to  lower  the  brine. 

The  amount  of  water  required  to  be  passed  through  the  ether 
condenser  d,  for  cooling  purposes,  naturally  varies  in  different  climates, 
and  in  accordance  with  the  season  of  the  year;  in  this  country  it  is 
stated  to  be  about  150  gallons  per  hour  for  each  ton  of  ice  produced 
per  twenty-four  hours.  The  liquefaction  of  the  vapour  is  said  to  take 
place  with  cooling  water  at  the  temperature  usually  obtainable  here  at 
a  pressure  of  some  3  lbs.  per  square  inch  above  that  of  the  atmosphere ; 
in  a  hot  climate,  however,  a  very  much  higher  pressure  is  required, 
rising  sometimes  to  as  much  as  12  lbs.  above  that  of  the  atmosphere. 

The  apparatus,  when  employed  for  making  ice,  is  provided  with  an 
ice-making  tank,  usually  fitted  with  copper  moulds;  or,  when  used  for 
refrigerating  purposes,  it  may  be  connected  with  a  system  of  cooling 
pipes.  The  brine  circulation  is  maintained  by  means  of  a  suitable 
pump,  and  the  brine,  which  is,  as  a  rule,  reduced  to  a  temperature 
of  about  10°  Fahr.  during  its  passage  through  the  sets  of  tubes  in  the 
refrigerator  c,  is  returned,  after  circulation,  to  the  refrigerator  to 
be  re-cooled.  The  sets  of  tubes  in  the  refrigerator  are  so  arranged 
that  the  brine  to  be  cooled  circulates  through  them  successively,  being 
thus  gradually  reduced  in  temperature. 
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When  employed  for  cooling  water  or  other  liquids,  the  liquid 
is  usually  passed  at  once  through  the  refrigerator  c  in  place  of  the 
brine. 

In  Charles  Tellier's  apparatus,  which  was  designed  some  years  later, 
the  refrigerating  agent  employed  is  methylic  ether,  which  liquid  has  a 
latent  heat  of  vaporisation  of  473,  and  which  enters  into  ebullition  at 
tension  of  the  atmosphere  at  a  temperature  of  from  20°  to  25°  below  zero 
Fahr.,  whereas  sulphuric  ether,  employed  in  the  improved  Harrison 
machine,  as  before  mentioned,  boils  at  96°  Fahr.,  a  difference  of  about 
121°. 

Methylic  ether  is  the  result  of  the  action  of  sulphuric  acid  upon 
ligneous  alcohol,  that  is  to  say,  alcohol  distilled  from  wood.  To  obtain 
methylic  ether,  sulphuric  acid  is  mixed  with  ligneous  alcohol  in  equal 
proportion,  and  heated  until  the  ether  is  evolved,  carrying  with  it  a 
number  of  bye  products,  such  as  sulphurous  acid,  carbonic  acid,  and 
empyreumatic  vapours,  which  must  be  eliminated  by  passing  the  impure 
vapour  through  or  over  liquids,  etc.,  by  which  they  will  become  ab- 
sorbed and  retained.  For  instance,  by  passing  the  adulterated  vapour 
over  potash,  the  carbonic  and  sulphurous  acids  will  be  retained  by  the 
alkali,  the  aqueous  vapour  being  at  the  same  time  carried  away 
mechanically. 

In  the  distillation  of  methylic  ether  on  a  large  scale,  a  great  diffi- 
culty would  be  experienced,  under  ordinary  conditions,  in  getting  a 
liquid,  having  so  low  a  boiling  point  as  —25°  Fahr.,  to  flow  through 
the  requisite  pipes.  To  overcome  this  difficulty,  Tellier  designed  the 
special  apparatus  illustrated  in  sectional  elevation  in  Fig.  10,  wherein 
the  vapour,  after  purification,  is  brought  back  to  a  liquid  state  by 
pressure,  and  is  thus  rendered  manageable. 

In  the  drawing.  A,  b,  c  are  large  cast  or  wrought-iron  drums  or 
receivers;  d  is  the  purifier;  e  is  a  special  pump  which  sucks  ofiF  the 
purified  vapour  and  delivers  it  through  the  worm  f  in  a  liquid  state 
into  a  set  of  receivers  G,  which  latter  are  capable  of  withstanding  a 
very  high  pressure,  and  from  whence  it  can  be  drawn  off,  and  will 
flow  through  the  rest  of  the  apparatus  as  easily  as  water. 

Tellier's  apparatus  for  the  production  of  cold  is  shown  in  elevation 
in  Fig.  II,  wherein  a  is  the  refrigerator;  b  is  a  receiver  or  vessel  in 
which  the  methylic  ether  is  evaporated ;  c  is  the  pump  for  drawing  ofiF 
the  vapour  from  the  latter;  and  d  is  the  condenser,  which  is  fitted  with 
a  suitable  worm  or  coil.  The  vaporised  methylic  ether  is  either  em- 
ployed to  lower  the  temperature  of  a  solution  of  brine,  by  passing  it 
through  a  series  of  tubes  situated  in  the  refrigerator  and  plunged  in 
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the  latter;  or  it  is  carried  on  and  pennitted  to  expand  in  a  suitable 
system  of  pipes,  and  so  act  direct  to  reduce  the  temperature  of  air- 


tight chambers.  When  in  operation  it  is  found  that  the  pipes  leading 
from  the  receiver  b  are  so  cold  that  they  become  coated  with  hoar 
frost;  whilst,  on  ihe  contrary  when  giving  up  the  absorbed  heat  during 
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compression  and  liquefaction,  the  gas  raises  the  tubes  to  a  very  high 
temperature,  sometimes  even  approaching  to  a  red  heat. 

The  liquefaction  of  the  methylic  ether  in  the  worm  or  coil  of  the 
condenser  d  gives  rise  to  a  certain  amount  of  pressure,  and  to  allow 
for  this,  and  at  the  same  time  to  permit  a  supply  of  the  liquid  to  pass 
from  the  said  condenser  to  the  evaporator  b  as  required,  an  expansion 
valve  or  distributor,  the  construction  of  which  will  be  readily  under- 
stood from  the  enlarged  sectional  view,  Fig.    12,  is  employed,     e  is 
the  aperture  through  which  the  liquid  methylic  ether  is  delivered  to  a 
small  chamber  or  recess  f.     c  is  the  outlet  aperture,  the  upper  portion 
of  which  is  bifurcated  as  shown  at 
c',    and   which    communicates    with 
the    refrigerator,       h    is    a      valve 
having     two     recesses     h',    which 
correspond   with  the   holes   ot  aper- 
tures     g',     and      which      valve      is 
mounted    on    a   spindle   i,    which    is 
capable  of  bdng  rotated  through  the 
bevel  or  mitre  gearing  k,  and  shaft  l, 
and  works   upon   a   suitable   seating 
in    the    bottom    of    the    recess    or 
chamber  r.     During  Ihc  revolution  of 
the  valve  h  in  the  chamber  f,  which 
latter   is    always    maintained    full   of 
liquefied  methylic  ether,  the  recesses 
h'  become  filled  with  the  latter,  and  _ 

every  time  that  the  said  recesses  pass  ^ 

over  the  corresponding  holes  or  ways    iribifo,' orTX«'rM^'iilyUc''me; 
G^,  the  liquid   contained   therein   falls    Machine.     Vertical  seclion, 
by  gravity  into  the  latter  and  passes 
away  to  the  refrigerator  through  the  outlet  G. 

About  the  same  time  as  the  preceding,  an  ether  machine  was 
patented  by  Delia  Beffa  and  West,  which  comprised  a  multitubular 
refrigerator  in  which  the  ether  was  volatilised,  a  double-acting  air  or 
vacuum  pump  exhausting  this  vessel  and  pumping  the  ether  vapour 
into  a  condenser;  and  likewise  a  special  form  of  the  latter  for  con- 
densing the  said  ether  vapour. 

The  following  particulars  regarding  an  ether  machine  are  given*  by 
Mr.  Lightfoot  as  being  the  result  of  actual  experiments  made  in  this 

•  "Proceedings,  Institution  of  Mechanical  Engineers,"  1886,  p.  214. 


42  REFRIGERATION  AND  COLD  STORAGE. 

country,  and  serving  to  show  what  may  be  expected  under  ordinary 
conditions : — 

Prodaction  of  ice  per  twenty.four  hours       . .         , ,         . .  15  tons. 

»,  ,»     per  hour      ..         ..         ..         ..         ..       1,400  lbs. 

Heat  abstracted  in  ice-making,  per  hour      . .         . .  245,000  units* 

Indicated  horse-power  in  steam  cylinder,  excluding  that 
required  for  circulating  the  cooling  water  and  for 
working  cranes,  etc.        ..         .,         ..         ..         ..      83  I.H.P. 

Indicated  horse-power  in  ether  pump  46J  I.H.P. 

Thermal  equivalent  of  work  in  ether  pump,  per  hour  1 19,261  units* 

Ratio  of  work  in  pump  to  work  in  ice-making        . .         . .        i  to  2*05 

Temperature  of  water  entering  condenser    , .         . .         . .       52°  Fahr. 

Mr.  Frederick  Colyer,  C.E.,  M.I.C.E.,  statest  that  he  obtained  the 
following  results  with  a  first-class  apparatus  when  testing  the  working 
of  some  of  the  leading  ether  machines,  viz. — ^'  In  an  ether  machine 
made  by  Messrs.  Siebe  Gorman  and  Co.,  capable  of  cooling  3,200  gal- 
lons of  water  from  60°  down  to  50°,  or  abstracting  320,000  heat 
units*  per  hour,  the  average  experiments  gave  4,250  gallons  per  hour 
cooled  10°  Fahr.  The  temperature  of  the  water  at  the  inlet  was  54°, 
and  that  of  the  water  used  for  condensing  purposes  was  the  same. 
The  maximum  cooling  effected  was  449,437  heat  units*  ab- 
stracted per  hour,  being  from  35  to  40  per  cent,  above 
the  nominal  power  of  the  machine.  The  condensing  water  used  per 
hour  was  1,262  gallons,  or  about  3-ioths  of  a  gallon  for  every  g£illon 
of  water  cooled.  The  coal  consumed  was  3^^  cwts.  per  hour;  it  was 
of  indifferent  quality,  or  the  consumption  would  have  been  smaller. 
The  steam  cylinder  was  21  in.  diameter  and  27  in.  stroke;  the  air- 
pump  24  in.  diameter  and  27  in.  stroke.  The  speed  of  the  engine 
was  58  revolutions  per  minute,  with  48  lbs.  of  steam  cut  off  at  one- 
third  of  the* stroke.  The  indicated  power  of  the  engine  was  53  horse 
power,  and  of  the  air  pump,  29-2  horse  power.  The  boiler  was  7  ft. 
diameter  and  24  ft  long,  and  gave  an  ample  supply  of  steam." 

This,  he  stated,  was  the  most  efficient  ether  machine  that  had  come 
under  his  notice  at  that  date,  and  contained  several  improvements  not 
usually  found  in  others  of  the  same  class. 

According  to  the  same  authority  the  ether  system  is  more  expensive 
than  the  ammonia  system  (wlwch  latter  will  be  considered  in  the  next 
chapter),  especially  in  London  where  coal  is  expensive,  and  water  has 

♦  A  thermal  unit  is  that  amount  of  heat  required  to  raise  the  temperature  of 
I  lb.  of  water  1°  by  the  Fahr.  scale  when  at  39*4°.    Mec.  eq.  778  ft. -pounds, 
t  **  Proceedings,  Institution  of  Mechanical  Engineers/*  1886,  p.  248. 
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frequently  to  be  obtained  from  the  water  companies.  The  latter  item  is 
undoubtedly  in  this  case  one  of  considerable  moment,  as  water  is  re- 
quired in  larger  quantities  for  condensing  purposes  in  the  ether  system, 
and  consequently  the  high  temperature  which  it  sometimes  attains  in  the 
street  mains  during  the  summer  months  becomes  a  matter  of  serious 
importance  as  regards  the  economical  working  of  the  machines. 

Other  objections  to  the  use  of  ether  as  a  refrigerating  agent  are, 
that,  owing  to  its  low  vapour  tension,  a  very  large  volume  has  to  be 
circulated  to  perform  a  given  refrigerating  effect,  thus  abnormally 
increasing  the  dimensions  of  the  apparatus;  rapid  deterioration  under 
repeated  vaporisation  and  re-condensation;  and  finally  that  it  is  ex- 
tremely inflammable  and  explosive.  On  the  other  hand,  however,  it 
is  possessed  of  the  quality  of  working  with  a  low  pressure  in  the 
condenser,  which  renders  its  use  advantageous  in  hot  climates. 

Modern  types  of  ether  machines  will  be  found  dealt  with  in  another 
chapter. 

Van  der  Weyde's  (American)  apparatus  comprises  exhaust  and  force 
pumps,  a  cooling  coil  and  two  refrigerators,  the  latter  also  acting  as 
reser\'oirs  for  the  condensed  liquid.  The  most  usual  refrigerating 
agents  employed  are  naphtha,  gasoline,  rhigoline,  or  chimogene.*  The 
water  to  be  frozen  is  placed  in  moulds  or  vessels  plunged  in  other  ves- 
sels containing  glycerine,  and  which  latter  are  surrounded  on  the  out- 
side by  cyrogene.  The  naphtha,  gasoline,  rhigoline,  or  chimogene  is 
evaporated  by  means  of  an  air  pump  and  forced  through  the  refrigera- 
tor, the  evaporation  of  the  cyrogene  abstracting  sufficient  heat  to 
form  ice. 

In  Raoul  Pictet*s  machine  sulphur  dioxide  or  sulphurous  acid  (SO2) 
is  employed  as  a  refrigerating  agent.  Sulphur  dioxide  is  prepared  by 
burning  sulphur  in  dry  air  or  oxygen  gas,  or  by  removing  the  elements 
of  water,  and  an  additional  atom  of  oxygen  from  sulphuric  acid  by 
heating  it  together  with  copper  clippings  or  mercury.  The  purifica- 
tion of  the  resultant  gas  is  effected  by  washing,  and  it  is  collected  either 
by  displacement,  or  over  mercury.  It  is  completely  colourless,  has  the 
overpowering  odour  of  burning  sulphur,  neither  supports  combustion 
or  respiration,  is  2*247  times  heavier  than  air,  is  easily  condensed, 
is  liquefiable  by  cooling  down  to  14°  Fahr.  under  ordinary  atmospheric 
pressure,  and  congeals  into  a  transparent  solid  at  temperatures  below 
—  168°  Fahr.  This  gas  deviates  considerably  from  Boyle's  law  of 
pressures,  and  occupies  less  space  for  equal  increments  of  pressure 
than   does  air  under  like  conditions,  this  variation   becoming  more 

♦  Knight's  **  Practical  Dictionar}'  of  Mechanics.'' 
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marked  as  the  temperature  is  reduced.  Sulphurous  acid  is  extremely 
soluble  in  water,  one  volume  of  the  latter  at  a  temperature  of  50°  Fahr- 
being  capable  of  dissolving  51*38,  and  at  68°,  36*22  volumes  of  the 
former.  It  has  a  molecular  weight  of  65  and  a  density  of  32.  The 
latent  heat  of  vaporisation  of  this  liquid  is  182,  and  it  boils  at  a  tem- 
perature of  14°  Fahr.  at  the  tension  of  the  atmosphere. 

In  Pictet's  apparatus  the  refrigerator  and  ice-tanks  are  combined, 
the  circulation  of  the  brine  being  effected  by  means  of  a  fan,  and  the 
space  occupied  is  thus  considerably  reduced,  the  efficiency  being  also 
somewhat  augmented. 

In  1885  Pictet  applied  for  a  British  patent  for  an  improved  mate- 
rial for  use  in  refrigerating  apparatus  wherein  anhydrous  sulphurous 
acid  is  employed,  consisting  of  the  admixture  with  the  latter  of  car- 
bonic anhydride.  The  sealing,  however,  was  successfully  opposed  and 
consequently  no  patent  was  granted  for  this  invention. 

The  employment  of  sulphurous  acid  is  objectionable,  by  reason  of 
its  liability  to  become  converted,  by  combining  with  the  constituents 
of  the  atmosphere,  into  sulphuric  acid  and  to  corrode  the  machine. 
Modem  machines  using  this  agent  are  described  in  another  chapter. 

In  a  patented  machine  of  Windhausen's  the  refrigerating  agent  em- 
ployed is  what  is  indifferently  known  as  carbon-dioxide  (CO  2),  carbonic 
anhydride,  or  carbonic  acid,  which  material  is  gaseous  at  ordinary 
temperatures,  and  under  ordinary  pressures,  but  which  liquefies  at  a 
pressure  of  540  lbs.  Carbonic  acid  gas  does  not  bum,  neither  support- 
ing combustion  nor  respiration. 

Windhausen's  apparatus  is  fitted  with  a  pair  of  compressors  placed 
in  line  with  steam  cylinders  of  the  compound  type,  arranged  side  by 
side  with  a  surface  condenser  between  them.  The  gas  condensers  are 
situated  in  the  base  of  the  machine,  and  a  separate  refrigerator  is 
provided  in  connection  with  each  of  them,  constructed  of  coils  of 
wrought-iron  pipes  mounted  in  a  steel  casing,  wherein  the  brine  is 
circulated.  The  duplicate  portions  of  the  machine  are  usually  so  ar- 
ranged as  to  admit  of  either  of  them  being  worked  separately,  or  both 
together,  if  desired.  This  is  advantageous  inasmuch  as  it  renders  the 
apparatus  practically  equal  to  two  independent  or  separate  machines, 
and  affords  the  same  immunity  from  a  complete  breakdown.  The  later 
patterns  of  this  machine,  which  will  be  found  described  in  another 
chapter,  comprise  several  patented  improvements  by  J.  and  E.  Hall, 
Ltd.,  who  are  also  the  proprietors  of  the  original  Windhausen  patent. 

Fig.  13  is  a  vertical  central  section,  some  of  the  parts  being  left  in 
elevation,  showing  the  Windhausen  compressor  for  treating  the  gas  in 
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two  stages.  Figs.  14  and  15  are  enlarged  views,  showing  more  clearly 
the  details  of  constniction 
of  the  inlet  or  suction  valve, 
and  of  the  outlet  or  discharge 
valve.  As  will  be  seen  from 
the  illustration  the  inner 
cylinder  a  is  surrounded  by  an 
annular  space  communicating 
with  the  former  through  the 
vaJve  d;  c  b  the  inlet  which 
communicates  with  the  cylin- 
der A  through  a  suitable 
valve,  and  through  which  the 
gas  to  be  compressed  is  drawn 
or  sucked  into  the  cylinder; 
B  is  the  piston,  and  e  is  a 
valve  through  which  the  annu- 
lar space  or  clearance  round 
the  cylinder  a  communicates 
with  a  pipe  leading  to  the 
condenser. 

In  operation  the  gas  is 
primarily  drawn  into  the  cylin- 
der A,  through  the  inlet  valve 
c,  where  it  is  compressed, 
and    discharged    through   the 

valve  D  to  the  above-mentioned  annular  space,  wherein  it  is  finally 
compressed  by  the  oil  shown  in  the  latter  and  the  cylinder  a,  which 
communicate  at  their  lower  ends  through  suitable  holes  or  apertures, 
and  which  oil  forms  a  liquid  piston.  After  this  second  and  final  com- 
pression the  gas  is  discharged  through  the  valve  e  to  the  condenser. 

Another  machine  adapted  for  the  use  of  carbon  dioxide  as  a  re- 
frigerating agent  is  found  in  that  of  Lowe.  It  comprises  a  gasometer 
or  gas-holder,  a  pump,  a  condenser  or  cooler,  a  drier  charged  with 
chloride  (rf  calcium,  a  water-cooled  condensing  coil,  and  a  refrigerator 
or  ice-making  tank.  In  operation  the  gas  is  admitted  to  the  pump, 
liquefied  under  the  action  thereof,  and  the  heat  thus  generated  is  ab- 
sorbed or  taken  up  in  the  cooler,  after  which  it  is  allowed  to  expand 
into  the  refrigerator,  where  it  acts  in  the  usual  manner,  and  is  finally 
returned  to  the  gasholder. 

A  number  of  other  refrigerating  machines  on  the  carbonic  acid 
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or  carbonic  anhydride  system   will  be  found   described  in   another 
chapter. 

Carbonic  acid,  carbon  dioxide,  or  caibonic  anhydride  (CO2)  is 
completely  inodorous;  incombustible;  and  has  the  further  advantage 
that,  as  it  has  no  affinity  for  copper,  it  can  be  used  with  that  metal  with 
impunity.  This  is  an  important  quality  for  marine  installations,  and 
consequently  it  has  been  used  to  a  large  extent  for  that  purpose.  On 
the  other  hand,  however,  its  presence  in  quantity  is  fatal  to  animal 


Fig.  14.— Suction  Valve  of  Windhausen  Fig.   n;.— Outlet  or  Discharge  Valve 

Compressor,  for  Ireatiog  the  gas  in  of  Windbausen  Compressor,  for 

Iwo  stages.  treating  the  gas  in  two  stages. 

existence,  and  it  has  the  further  drawback  that  with  the  cooling  water 
at  a  high  temperature,  it  requires  a  considerable  pressure  to  liquefy  it, 
viz.,  with  condensing  water  at  a  teniperatiire  of  70°  Fahr.  it  would 
require  a  pressure  amounting  to  about  1,000  lbs.  per  square  inch. 

Carbonic  acid  or  carbon  dioxide  must  not  be  mistaken  for  the 
still  more  deadly  gas  known  as  carbon  monoxide  or  carbonic  oxide 
gas  (CO),  the  inhalation  of  even  a  minute  quantity  of  which  wUl  pro- 
duce death.  Carbonic  acid  or  carbon  dioxide  (CO2},  which  is  the 
gas  found  at  the  bottom  of  old  wells,  etc.,  and  forms  the  choke- 
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damp  of  coal  mines,  is  nevertheless  sufficiently  dangerous,  and  accord- 
ing to  Sir  Henry  E.  Roscoe,  F.R.S.,  air  permanently  contaminated  with 
01  per  cent  (i  part  per  1,000)  of  this  gas  is  rendered  unfit  for  con- 
tinued respiration.  The  same  authority  gives  the  vapour  tension  of 
carbon  dioxide  or  carbonic  acid,  at  35*5  atmospheres  at  a  temperature 
of  o^  Cent.  (32°  Fahr.),  and  at  73-5  atmospheres  at  a  temperature  of 
30°  Cent.  (86°  Fahr.). 


CHAPTER  VI. 
THE  COMPRESSION  PROCESS  {continued). 

Ammonia  Machines. — Properties  of  Ammonia. — Cycle  of  Operations. — Wet  and  Dry 
Compression  Principle. — Construction  of  Gas  Compressors. — Various  Examples 
of  Modem  Machines. 

A  REFRIGERATING  agent  now  very  largely  employed,  and  considered 
by  many  the  most  efficient  one  known  at  present,  is  anhydrous  am- 
monia (NH3),  which  has  a  molecular  weight  of  17  and  a  density  of  85. 
This  liquid  boils  at  40°  below  zero  Fahr.  at  atmospheric  pressiu*e ;  it 
has  a  latent  heat  of  vaporisation  of  900,  and  a  vapour  tension  of  108 
lbs.  per  square  inch  at  a  temperature  of  60°  Fahr.  Gaseous  ammonia 
can  be  liquefied  at  a  pressure  of  128  lbs.  to  the  square  inch,  at  a 
temperature  of  70°  Fahr.,  and  at  a  pressure  of  150  lbs.  at  a  temperature 
of  77°  Fahr.,  the  pressure  required  to  produce  liquefaction  rising  very 
rapidly  with  the  temperature.  To  liquefy  by  cold  it  requires  to  be 
reduced  to  a  very  low  temperature,  viz.,  — 85  5°  Fahr.  The  latent  heat 
of  ammonia  is  very  great,  consequently  its  value  as  a  refrigerating 
agent  is  proportionately  large.  Anhydrous  ammonia  is  manufactured 
which  contains  only  '025  per  cent,  of  moisture. 

The  only  alterations  required  in  an  ether  machine  to  render  it  suit- 
able for  use  with  anhydrous  ammonia  as  a  refrigerating  agent,  are 
those  made  necessary  by  reason  of  the  higher  pressure  of  its  vapour, 
and  of  the  injurious  action  which  it  exercises  upon  copper,  which 
causes  the  use  of  brass  or  gun  metal  in  any  of  the  parts  with  which 
either  the  liquid  or  the  vapour  comes  in  contact  to  be  undesirable. 

This  latter  quality  is  a  serious  drawback  to  its  use  for  marine 
work,  as  is  also  its  inflammable  and  irritant  nature  in  case  of  an  escape. 

The  chief  advantages  derived  from  the  use  of  anhydrous  ammonia 
as  a  refrigerating  agent  are  that  it  possesses  greater  heat-absorbing 
power  than  any  of  the  others  named,  excepting  water ;  that  it  liquefies 
at  a  comparatively  low  pressure;  and  that  it  is  not  as  explosive  or 
as  inflammable  as  ether. 

Ammonia  is,  however,  very  far  from  being  innocuous  and  safe,  and 
due  precautions  should  be  taken  to  avoid  accidents  where  it  is  in  use. 
It  is  a  colourless  irrespirable  gas,  having  an  extremely  pungent,  pecu- 
liar, and  easily  recognisable  odour,  and  it  is  also  slightly  combustible 
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when  mixed  with  a  sufficient  proportion  of  air,  burning  feebly  with  a 
flame  of  a  greenish-yellow  hue,  and  when  mixed  with  about  twice  its 
volume  of  air,  being  capable  of  exploding  with  considerable  violence. 
From  this  it  will  be  clear  that  it  is  absolutely  essential  that  no  part 
of  an  ammonia  apparatus  should  have  a  naked  light  inserted  into  it, 
until  it  has  been  open  and  exposed  to  the  air  for  a  sufficient  time  to 
render  the  presence  of  such  light  harmless.  The  tendency  of  ammonia 
gas,  owing  to  its  being  only  half  the  weight  of  air,  is  to  rise  when  set 
free,  so  that  there  is  the  less  likelihood  of  any  person  who  might  chance 
to  be  near  when  an  ammonia  pipe  happens  to  burst,  or  a  bad  leak  to 
take  place,  becoming  overpowered  by  the  gas. 

Another  objectionable  feature  of  ammonia,  which  has  been  already 
alluded  to,  is  its  very  strong  action  on  copper  and  its  alloys,  by  reason 
of  which  no  such  material  can  be  employed  for  any  part  of  an  ammonia 
machine. 

Common  ammonia  of  commerce  is  a  solution  of  ammonia  gas  in  water, 
and  its  usual  strength  is  26*^  Beaum^.*  Anhydrous  ammonia  is  pure 
dry  ammonia  gas  compressed  to  a  liquid,  and  it  is  manufactured  by 
the  distillation  of  the  ordinary  26°  ammonia  of  commerce  in  a  suitable 
apparatus.  This  apparatus,  which  should  be  of  sufficient  strength  to 
stand  a  pressure  of  65  lbs.  on  the  square  inch,  comprises  a  still,  a  con- 
denser, these  separators,  and  a  drier  or  dehydrator.  The  still  is  heated, 
by  a  suitable  steam  coil,  to  a  temperature  of  about  212^  Fahr.,  when 
the  ammoniacal  gas,  together  with  a  certain  amount  of  water,  passes 
off  into  the  first  separator,  which  latter  is  usually  situated  on  the  top 
of,  and  forms  an  upward  extension  of,  the  still.  In  this  first  separator 
the  greater  portion  of  the  watery  particles  carried  over  are  eliminated 
by  a  series  of  perforated  plates,  through  which  perforations  the  gas  has 
to  pass,  and  are  returned  to  the  still  through  a  dip  pipe.  From  this 
first  separator  the  partially  dried  gas  passes  through  a  water-cooled 
worm  in  the  condenser,  and  then  successively  through  the  two  other 
separators  to  the  drier  or  the  dehydrator,  where  it  is  passed  through 
a  set  of  similarly  perforated  plates  to  those  in  the  first  separator,  but 
having  small  sized  lumps  of  freshly  burnt  lime  placed  upon  them,  by 
which  any  moisture  that  may  still  remain  in  the  gas  is  removed,  and 
the  completely  anhydrous  product  can  then  be  passed  into  the  am- 
monia pump  or  compressor. 

It  is  found  advisable  to  work  the  still  at  a  pressure  of  about  30 
lbs.  to  the  square  inch,  so  as  to  admit  of  its  being  raised  to  a  slightly 
higher  temperature  than  the  boiling  point  of  water  at  atmospheric 

♦  See  Table  of  Comparison  of  various  hydrometer  scales,  p.  538-9. 

£ 
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pressure,  without  causing  the  water  to  boil,  the  result  of  this  being  that 
the  whole,  or  practically  the  whole,  of  the  ammonia  will  be  set  free, 
whilst  at  the  same  time  the  least  possible  amount  of  the  water  will  be 
vaporised  and  pass  over  with  the  ammonia  gas. 

To  ascertain  whether  or  not  all  the  ammonia  has  been  eliminated, 
two  methods  of  testing  the  charge  in  the  still  are  usually  practised. 
The  first  is  to  draw  off  a  small  quantity  of  the  charge,  and  if  this  fails 
to  turn  litmus  paper,  then  the  charge  is  exhausted,  and  all  the  am- 
monia has  been  driven  off.  The  second  is  to  allow  a  small  amount  of 
the  gas  leaving  the  still  to  escape  through  a  small  cock  or  valve 
specially  provided  for  the  purpose,  when  if  this  gas  be  tested  with 
turmeric  paper,  and  if  this  latter  remains  unchanged  in  colour  (yellow), 
the  charge  is  completely  spent;  if,  however,  the  paper  on  the  con- 
trary turns  of  a  brown  hue,  there  is  still  some  ammonia  left. 

After  the  distillation  is  finished  the  water  remaining  in  the  still 
should  be  run  out,  and  as  soon  as  the  temperature  of  the  latter  is 
suflftciently  lowered  it  can  be  again  charged.  The  water  accumulating 
in  the  second  and  third  separators,  being  saturated  with  ammonia  gaS) 
may  be  returned  into  the  still  when  recharging  t&e  latter.  The  amount 
of  ammonia  water,  however,  that  becomes  deposited  in  the  sepa- 
rators will  be  very  small  if  the  pressure  in  the  still  is  maintained  at 
about  30  lbs.,  as  above-mentioned. 

The  lime  in  the  drier  or  dehydrator  must  be  removed  whenever  it  is 
found  to  have  become  in  any  degree  slacked. 

Commercial  ammonia  of  26°  Beaume  contains  38*5  per  cent,  of 
anhydrous  ammonia  by  volume,  it  is  therefore  easy  to  calculate  from 
this  the  quantity  that  it  would  be  necessary  to  distil  in  order  to  produce 
any  given  amount  of  anhydrous  ammonia. 

Ammonia  gas  or  vapour  is,  owing  to  its  searching  nature,  very 
troublesome  to  deal  with,  even  at  a  low  pressure,  consequently  this 
difllculty  is  greatly  increased  by  the  comparatively  high  pressure  or 
tenuity  that  is  obtained  in  a  compression  machine,  and  which  rises 
in  the  condenser  to  as  much  as  180  lbs.  per  square  inch.  Liability  to 
leakage  of  the  ammonia  gas  at  the  pump  glands  and  other  parts  of  the 
apparatus  forms,  therefore,  one  of  the  objections  to  the  use  of  ammonia 
as  a  refrigerating  agent,  and  the  means  employed  to  prevent  this  leak- 
age one  of  the  chief  points  of  difference  between  ammonia  and  ether 
machines.  Another  difficulty  to  overcome  is  the  liability  to  an  imper- 
fect discharge  of  the  gas  from  the  compressor-pump,  and  the  expansion 
and  consequent  back  pressure  of  that  remaining  therein. 

The  most  important  part  of  an  ammonia  machine  working  on  the 
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compression  principle,  and  indeed  of  all  apparatus  wherein  a  volatile 
liquid  is  compressed,  is  the  gas  compressor.     In  ammonia  machines 
both  single  and  double-acting  compressors  are  employed.     A  single- 
acting  compressor  has  the  advantage  when  working  with  a  gas  of  the 
tenuity  of  ammonia,  owing  to  its  only  carrying  the  lesser  pressure  of 
the  suction  side  over  the  stuffing  box,  of  preventing  the  stuffing  box 
from  being  subjected  to  the  high  pressure  of  the  condenser,  which 
is  unavoidably  done  at  the  termination  of  each  stroke  in  a  double- 
acting  compressor,  and  on  this  account  the  chance  of  leakage  is,  of 
course,  greatly  reduced.     On  the  other  hand,  however,  it  is  obvious 
that  a  double-acting  compressor  must  be  more  advantageous  from  an 
economical  point  of  view,  inasmuch  as  it  deals  with  nearly  twice  the 
amount  of  gas  at  each  revolution  of  the  crank-shaft  that  a  single-acting 
compressor  of  the  same  diameter  and  stroke  is  capable  of  operating 
upon.     Moreover,  the  same  amount  of  friction  is  engendered  in  each 
case  (although  with  a  double-acting  compressor  double  the  duty  is 
being  performed),  at  least,  so  far  as  regards  the  friction  of  such  moving 
parts  as  the  cross-head,  piston,   and  connecting-rod — ^which  friction 
causes  no  inconsiderable  loss,  for  to  overcome  friction  power  has  to 
be  expended,  and  waste  of  power  means  loss  of  fuel,  i.e.,  money.    But 
in  a  double-acting  compressor  a  considerable  amount  of  extra  friction 
is  caused  by  the  necessity  of  working  with  a  tighter  gland.     Taking 
everything  into  consideration,  however,  it  is  estimated  that  the  amount 
of  saving  effected  in  a  machine  having  two  gas  compressors  may  be 
placed  at  one-eighth  of  the  whole  amount  of  power  required  for  com- 
pressing the  gas.  A  further  economy  is  that  a  double-acting  compressor 
is  capable  of  performing  the  work  of  a  pair  of  single-acting  ones  of  the 
same  size,  and  consequently  there  is  a  saving  in  the  first  cost  of  the 
apparatus  and  in  space  occupied. 

The  construction  of  a  gas  compressor  for  operating  with  ammonia 
does  not,  as  already  mentioned,  vary  in  any  very  material  point  from 
that  of  one  intended  to  work  with  ether,  and,  however  much  they  may 
differ  from  one  another  in  minor  points  of  detail,  they  all  work  upon 
the  following  broad  principles,  viz. : — 

The  gas  compressor,  which  is  operated  by  a  steam-engine  or  other 
suitable  motor,  draws  the  gas  or  vapour  from  the  evaporating  coils  or 
tubes  of  the  refrigerator  after  it  has  performed  its  duty  of  cooling,  com- 
presses it  on  the  return  stroke  of  the  piston,  and  forces  it  into  a  system 
or  series  of  pipes  or  coils  in  the  condenser,  in  which  coils,  under  the 
cooling  action  of  water,  it  resumes  its  liquid  form.  From  the  con- 
denser it  is  again  passed  in  the  liquid  state,  through  a  minute  opening 
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of  the  expansion  or  regulating  cock,  into  the  evaporating  coils  or  tubes 
of  the  refrigerator,  wherein  it  again  expands  into  gas  or  vapour,  owing 
to  the  diminished  pressure  there  prevailing,  by  reason  of  the  sucking 
action  of  the  gas  compressor.  The  pressure  in  the  pipes  or  coils  in 
the  refrigerator  is  usually  maintained  at  from  1 5  lbs.  to  30  lbs.,  whilst 
that  in  the  condenser,  as  above-mentioned,  may  rise  as  high  as  180  lbs., 
the  former  depending  of  course  on  the  amount  of  opening  given  to  the 
expansion  cock.  The  liquid  ammonia  passing  suddenly  from  the 
above  high  pressure  of  the  condenser  to  the  comparatively  low  pressure 
in  the  refrigerator,  instantly  flashes  into  gaseous  form,  and  whilst 
doing  so,  in  conformity  with  the  well-known  natural  law,  is  forced 
to  absorb  a  quantity  of  heaf  which  it  renders  latent  j  this  it  does  from 
the  surrounding  objects,  which  in  the  present  instance  are  either  the 
pipes  or  coil  in  the  refrigerator,  and  the  brine  circulating  round  the 
latter,  or  when  used  for  cooling  on  the  direct  system,  the  sets  of  refri- 
gerating pipes  into  which  it  is  passed  and  the  surrounding  air. 

In  order  to  avoid  any  chance  of  accidents  occurring  through  the 
machine  being  started  with  all  the  valves  closed,  a  suitable  relief  or 
safety  valve  and  by-pass  should  invariably  be  provided. 

Expressed  generally,  then,  the  cycle  of  operations  in  machines  on 
the  ammonia  compression  system  is  the  same  as  that  of  those  described 
in  the  preceding  chapter,  viz.,  compression,  condensation,  and  expan- 
sion ;  and  the  said  machines,  no  matter  how  they  may  differ  in  more  or 
less  important  points  of  constructional  detail,  must  all  likewise  consist 
of  three  different  parts,  ^^z.,  a  compression  side,  a  condensing  side,  and 
an  expansion  side  (see  Fig.  8).  The  operations  are  rendered  con- 
tinuous by  suitably  connecting  all  these  sides  or  parts  together  so  that 
the  gas  passes  through  them  in  the  above  order. 

Ammonia  compression  machines  are  operated  on  two  systems,  viz., 
wet  compression  and  dry  compression,  and  as  regards  the  respective 
merits  of  these  systems  theoretically,  considerable  diversity  of  opinion 
seems  to  exist.  In  practical  work,  however,  it  will  be  found  that  what 
are  termed  dry  compression  machines  work  more  or  less  wet,  and, 
therefore,  the  efficiency  as  regards  this  point  is  about  the  same  in  the 
case  of  both  types  of  machines. 

When  intended  to  work  on  the  wet  compression  system  the  expan- 
sion cock  or  valve  is  adjusted  in  such  a  manner  that  the  vapour  will 
come  back  to  the  compressor  in  a  supersaturated  condition,  with  the 
result  that  this  surcharge  of  liquid  becomes  evaporated  during  the 
compression  stage,  absorbing  the  required  quantity  of  heat,  and  main- 
taining a  correspondingly  low  temperature  in  the  compressor  cylinder. 
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An  obvious  objection  to  this  method  of  working  is  the  constant  liability 
of  too  large  a  quantity  of  liquid  finding  its  way  into  the  compressor 
cylinder,  the  result  of  which  would  be  the  filling  of  clearance  spaces 
with  liquid  ammonia,  which  latter  would  re-expand  upon  the*  return 
stroke  of  the  piston,  and  take  up  space  which  is  required  for  the  recep- 
tion of  the  inflowing  gas  or  vapour. 

With  a  machine  adapted  to  work  on  the  dry  compression  system, 
the  expansion  cock  or  valve  is  so  adjusted  that  the  whole  of  the  liquid 
ammonia  admitted  to  the  expansion  coil  will  become  expanded  into 
gas  or  vapour,  and  the  latter  consequently  reaches  the  compressor 
cylinder  in  a  dry  condition,  superheating  taking  place  during  compres- 
sion. It  will  be  observed  that  this  plan  admits  of  the  full  value  of  the 
liquid  ammonia  being  utiliseti  for  purposes  of  refrigeration,  a  draw- 
back being  experienced,  however,  by  reason  of  the  higher  pressure 
which  becomes  necessary  to  liquefy  the  ammonia,  and  the  larger 
amount  of  heat  generated  which  calls  for  special  cooling  arrangements 
for  its  removal.  For  this  reason  in  this  system  compressors  are,  as 
before  mentioned,  usually  worked  partly  wet. 

The  principal  qualities  to  be  sought  for  in  a  compressor  in  order 
to  ensure  the  maximum  amount  of  efficiency  are : — Pi&  complete  a  dis- 
charge from  the  compressor  cylinder  of  the  gas  during  compression  as 
is  practically  feasible,  and  the  removal  during  compression  of  the 
greatest  possible  amount  of  heat  from  the  gas.  Amongst  other  points 
of  importance  are  the  perfection  of  the  means  provided  for  preventing 
any  leakages  taking  place  at  the  stuffing  box,  pistons,  and  valves,  and 
of  those  for  ensuring  the  proper  lubrication  of  the  working  parts  of  the 
machine. 

Of  these  desiderata  the  first  is  the  most  important,  and  it  is  thus 
specially  desirable  to  see  that  the  compressor  possesses  all  the  requisite 
conditions  to  ensure  its  fulfilling  its  purpose  in  the  best  possible 
manner.  One  n>ethod  of  effecting  the  desired  object  is  by  the  injec- 
tion of  a  certain  amount  of  sealing  oil  into  the  cylinder  at  each  stroke 
of  the  piston,  which  oil  forms  what  is  called  a  liquid  base.  The  injec- 
tion of  this  oil  serves  not  only  the  purpose  of  sealing  the  piston,  but 
also  lubricates  the  latter  and  the  valves,  and  prevents  leakage  at  the 
stuffing  box,  and  that,  moreover,  owing  to  the  small  amount  of  such 
sealing  oil  that  is  employed,  without  appreciably  reducing  the  capacity 
of  the  machine. 

The  practically  complete  discharge  of  the  charge  of  ammonia  from 
the  compressor  cylinder,  at  each  stroke  of  the  piston,  can  also  be 
ensured  by  allowing  the  latter  to  work  right  up  to  the  heads  without 
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clearance.     In  the  ordinarj'  form  of  compressor  this  would  of  c 
give  rise  to  a  great  liability  of  knocking  out  the  cylinder  head  i 


the 


jvent  of  any  foreign  body  or  obstruction  obtaining  access  to  the 
cylinder,  but  such  action  is  rendered  possible  with  perfect  safety  by  so 
arranging  the  head  that  it  is  loose,  hut  normally  retained  in  position 
by  means  of  suitable  springs.  In  this  manner  the  head  forms  prac- 
tically a  large  relief  valve  adapted  to  open  should  the  pressure  in  the 
compressor  cylinder  from  any  cause  exceed  that  requisite  to  produce 
liquefaction  <rf  the  ammonia  gas. 

The  diagram  Fig.  i6,  which  is  in- 
tended to  represent  the  cylinder  cA  a. 
[^■^^^^^^^^•■■■^       single-acting     compressor,     illustrates 
,-.;  --         the  loss  due  to  clearance  space.     As 
B^                 r':  1  is  well  known,  according  to  Boyle's 
^.. ,-.. —  Qj,  Marriot's  law  the  volume  <rf  gas 

will  vary  in  an  inverse  proportitm  to 
the  pressure.  Assuming,  then,  that 
the  pressure  of  the  gas  on  entering 
the  cylinder  a  be  zo  lbs-  per  square 
inch,  and  that  of  the  condenser  180 
lbs.  per  square  inch,  it  will  be  seen 
that  if  the  piston  b  is  moved  into  the 
position  shown  in  dotted  lines  at  b' 
through  a  stroke  of  9  inches,  and 
neglecting  loss  of  heat  during  com- 
pression, the  pressure  of  the  gas  will 
be  increased  nine  times,  whilst  its 
volume  will  have  become,  at  the  same 
time,  correspondingly  reduced  to  one- 
ninth  of  its  original  volume,  and  this 
pressure  of  180  lbs.  per  square  inch 
is  that  at  which  jt  is  required  that 
the  gas  should  leave  the  cylinder  a. 
If  the  clearance  space  left  between  the  piston  b  at  the  termination 
of  its  stroke,  and  the  cylinder  head  C,  be  one  inch,  it  is  obvious  that 
the  gas  at  a  pressure  of  180  lbs.  per  square  inch  left  in  this  clearance 
space  will  re-expand  until  the  pressure  becomes  reiluced  or  decreased 
to  a  ninth  of  what  it  was  originally,  or  to  20  lbs.  per  .square  inch, 
whilst  the  volume  will,  at  the  same  time,  be  increased  to  nine  times 
what  it  was  before.  It  will  be  seen  that  in  such  a  case  as  the  above 
the  inch  of  gas  at  180  lbs.  pressure  would  reexpand  into  9  inches  of 


Fig.  1').  —  Diagram  illuslrating 
*  Tj)e.s  due  t»  Clcanince  Space  i 
Compressor  (.Cylinder. 
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gas  at  20  lbs.  pressure,  and  that  consequently  the  entire  ^ciency  of 
the  compressor  would  be  lost,  as  this  back  pressure  in  the  cylinder  of 
20  lbs.  per  square  inch  is  that  of  the  entering  gas,  and  would  thus 
render  impossible  the  entrance  of  any  more  gas*  Were  the  stroke  of 
the  piston  b,  on  the  other  hand,  to  be  the  full  length  of  the  cylinder  a, 
so  that  no  clearance  be  left  at  its  termination  between  it  and  the 
cylinder  head,  it  will  be  seen  that  all  the  gas  would  Ke  expelled  from 
the  cylinder  when  it  reaches  that  point,  and  ccMisequently  its  efficiency, 
so  far  as  this  is  concerned,  would  be  practically  perfect.  In  practice, 
however,  it  is  found  impossible  to  construct  ordinary  compressors  with- 
out a  certain  amount  of  clearance  at  the  termination  of  their  strokes,  it 
becomes  necessary,  therefore,  to  find  out  what  is  the  minimum  amount 
that  can  be  allowed  compatible  with  safety  of  working,  and  also  how 
best  to  arrange  the  clearance  so  that  the  loss  due  to  it  will  represent 
as  small  a  percentage  of  the  entire  work  of  the  compressor  as  practicable. 

Obviously,  whatever  the  space  in  the  cylinder  that  will  be  occupied 
by  the  gas  left  in  the  clearance  space  after  it  has  re-expanded  to  a 
pressure  of  20  lbs.  per  square  inch  on  the  return  stroke  of  the 
piston,  the  space  thus  occupied  will  represent  the  loss  of  efficiency. 
Say  for  example,  that  we  have  a  cylinder  of  10  inches  in  diameter, 
by  10  inches  stroke,  and  that  a  clearance  of  one-eighth  of  an  inch  be 
left  at  the  termination  of  the  stroke,  with  this  clearance  filled  with  gas 
at  a  pressure  of  180  lbs.  per  square  inch,  the  space  filled  by 
this  gas  on  the  return  stroke  of  the  piston,  when  the  gas  remaining 
over  has  expanded  down  to  a  pressure  of  20  lbs.  per  square  inch, 
will  be  ij^  inch,  and  the  loss  of  efficiency  will  consequently  be  equal 
to  about  11  per  cent.  If,  however,  we  now  assume  that  the  diameter 
of  the  cylinder  be  still  retained  at  10  inches,  whilst  the  length  of 
stroke  be  doubled,  or  increased  to  20  inches,  the  loss  of  efficiency  will 
obviously  be  reduced  to  5J4  per  cent,  whilst  by  again  in  like  manner 
increasing  it  to  40  inches,  and  subsequently  to  60  inches,  it  will  be 
reduced  to  2^  per  cent,  and  i^  per  cent  respectively,  and  so  on, 
the  greater  the  ratio  between  the  diameter  and  the  stroke  the  less  will 
be  the  loss  of  efficiency  due  to  the  clearance  left  in  the  cylinder  at 
the  end  of  the  stroke  of  the  piston. 

In  actual  practice,  however,  there  is  a  limit  to  the  amount  of  the 
ratio  between  the  diameter  and  the  stroke  that  can  be  used  with  due 
regard  to  economy  of  working.  The  practice  in  this  respect  amongst 
builders  of  refrigerating  machinery  varies  considerably,  some  employing 
a  ratio  of  two  to  one,  whilst  some  others  use  less,  and  others  again 
more.  Mr.  Peter  NefF,  from  whose  articles  upon  "  Mechanical  Refri- 
geration "  (New  York  "  Engineer  "),  and  from  an  abridgment  of  these 
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articles  which  appeared  in  "  British  Refrigeration,"  much  of  this  infor- 
mation has  been  derived,  recommends,  as  the  result  of  his  experience, 
a  stroke  of  three  times  the  diameter  as  being  that  giving  the  most 
favourable  results. 

Another  important  point  is  to  sea  that  no  unnecessaiy  amount  of 
clearance  space  be  left  at  the  inlet  and  discharge  valves.  In  the 
case  of  a  single-acting  compressor  of  the  vertical  type,  this  is  a  com- 
paratively easy  matter,  as  the  inlet  valve  can  be  arranged  flush  with 
the  top  of  the  piston,  and  the  outlet  or  discharge  valve  flush  with  the 
head  of  the  cylinder,  thereby  reducing  as  far  as  possible  loss  from  the 
re-expansion  of  any  gas  remaining  between  the  seats  of  the  valves 
and  the  interior  of  the  cylinder.  This  difficulty  is  not,  however,  by 
any  means  so  easily  overcome  in  a  double-acting  compressor  of  the 
horizontal  type,  although  many  more  or  less  ingenious  arrangements 
have  been  devised  for  the  purpose,  one  of  the  most  eflScacious  of 
which  is  perhaps  that  wherein  cages  containing  the  valves  are  so 
mounted  in  the  cylinder  that  the  seats  of  the  valves  will  be  brought 
into  close  proximity  with  the  interior  of  the  latter. 

Even  in  the  case  of  the  best  possible  designs  of  compressors  of  the 
ordinary  type,  there  must  be  an  unavoidable  appreciable  loss  of  effi- 
ciency from  back  pressure,  but,  on  the  other  hand,  they  are  of  very 
much  simpler  construction,  and  can  be  built  considerably  cheaper  than 
those  provided  with  special  means  for  avoiding,  or  rather  minimising, 
this  loss,  whilst  at  the  same  time  they  are  found  to  be  perfectly  well 
able  to  perform  the  work  required  of  them.  It  must  also  be  borne  in 
mind  that  upon  the  engineer  in  charge  of  the  plant,  and  the  care  which 
he  expends  to  see  that  the  valves  are  working  satisfactorily,  etc.,  etc., 
depends  to  a  considerable  extent  the  greater  or  lesser  efficiency  of  the 
compressor  under  his  charge. 

In  the  De  La  Vergne  type  of  ammonia  compressor,  which  is  made 
in  this  country  by  L.  Sterne  and  Co.,  Limited,  the  characteristic 
feature  consists  in  the  patented  system  for  preventing  the  occur- 
rence of  any  leakage  of  gas  taking  place  past  the  stuffing  box, 
piston,  and  valves,  and  of  extracting  the  heat  from  the  gas  during 
compression,  by  the  simple  device  of  injecting  into  the  compressor, 
at  each  stroke,  a  certain  quantity  of  oil  or  other  suitable  lubricating 
fluid.  By  means  of  this  sealing,  lubricating  and  cooling  oil,  not  only 
are  the  stuffing  box,  piston,  and  valves  effectually  sealed,  and  the  heat 
developed  during  compression  taken  up,  but  all  clearances  are  entirely 
filled  up.  This  latter  is  a  matter  of  great  importance,  as  it  ensures 
a  complete  discharge  of  the  gas  from  the  pump  cylinder,  and  obviates 
the  above-mentioned  loss  of  power  and  efficiency. 
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This  method  of  sealing  the  stuffing  box  and  piston  enables  the 
leakage  and  consequent  introduction  of  air  into  the  pump,  or  drawing 
out  or  wasting  of  a  volume  of  the  refrigerating  gas  at  each  alternate 
stroke  of  the  piston,  to  be  effectually  prevented  without  necessitating 
the  packing  of  the  said  piston  and  gland  so  tightly  as  to  bind  and 
set  up  an  excessive  amount  of  friction,  the  power  required  to  overcome 
which  has  been  sometimes  found  to  exceed  that  necessary  to  perform 
the  entire  work  of  compression.  Moreover,  when  working  constantly 
against  a  pressure  of  from  125  to  180  lbs.,  it  is  obvious  that  the 
slightest  wear  would  cause  a  considerable  leakage  of  gas  to  take  place 
past  the  piston  into  the  adjoining  chamber,  and  like  difficulties  would 
also  be  encountered  with  the  valves,  allowing  the  gas  to  regain  access 
to  the  pump  cylinder  by  leaking  past  the  discharge  valves,  or  to  be 
re-admitted  to  the  suction  side  past  the  corresponding  valves.  The 
losses  occasioned  in  this  manner  through  abnormal  friction,  and  the 
reduction  in  efficiency  and  loss  of  valuable  material  through  leakages, 
constitute  in  some  machines  a  very  large  item,  and  are  the  chief  cause 
of  failure  to  give  satisfactory  results. 

It  is  claimed  by  the  inventor  that  the  oil  injected  into  the  com^ 
pressor  cylinder  for  the  above-mentioned  sealing  purposes  not  only 
effectually  overcomes  the  above  difficulties,  but  also  acts  in  a  more 
efficient  manner  to  absorb  or  take  up  the  heat  generated  during  com- 
pression by  the  mechanical  energy  exerted  by  the  compressor  piston 
or  plunger  upon  the  gas  than  does  a  water-jacket  to  the  cylinder  and 
hollow  water-cooled  piston  and  rod,  the  useful  effect  of  which  latter  is 
to  a  great  extent  prevented  by  the  thickness  of  metal  required  in  a 
pump  destined  to  work  at  a  high  pressure.  In  order  to  ensure  the 
highest  efficiency  in  a  compressor,  it  is  essential  that  the  heat  generated 
by  the  act  of  compressing  be  eliminated  as  far  as  practicable,  as  other- 
wise the  said  heat,  by  expanding  the  gas  itself  during  compression, 
increases  its  volume,  and  consequently  necessitates  an  opening  of  the 
discharge  valve  prior  to  the  time  that  would  be  required  were  the 
gas  cooled  during  compression.  It  is  obvious  that  all  the  energy 
expended  in  effecting  such  premature  discharge  of  the  increased 
volume  of  gas  is  so  much  loss. 

The  oil  used  is  of  a  special  quality,  which  is  unaffected  by  the 
chemical  action  of  the  ammonia,  it  being  absolutely  essential  that  it 
be  of  a  nature  that  will  not  saponify,  and  that  it  be  also  capable  of 
withstanding  both  extremes  of  heat  and  cold. 

Fig.  17  is  a  vertical  central  section,  showing  a  double-acting  com- 
pressor on  the  De  La  Vergne  system,  fitted  with  Louis  BlocVs  patent 
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arrangement  of  valves,  the  main  t^ject  of  which  is  to  secure  the  dis- 
charge of  the  oil  at  the  lower  end  of  the  cylinder  taking  place  imme- 
diately after  aJI  the  gas  is  gone 
and  not  before,  as  in  the  latter 
case  re-expajisicm  will  taie  place, 
resulting  in  loss  of  efficiency  of 
the  pump.  To  effect  this,  two 
valves  are  provided  in  the  lower 
end  of  the  compressor  cylinder, 
one  above  the  other. 

Either  or  both  of  these  valves 
may  open  on  the  down  stroke  of 
the  piston,  until  the  latter  covers 
the  upper  one,  when  only  the 
lower  one  is  left  op«i  to  the  con- 
denser. During  the  remainder  of 
the  stroke  of  the  piston,  after  the 
lower  valve  is  also  closed,  the 
other  or  upper  one  tqiens  commu- 
nication with  an  annular  chamber 
formed  in  the  said  piston.  In 
the  bottom  of  tlus  annular  cham- 
ber are  provided,  moreover,  valves 
which  <^>en  as  soon  as  all  the 
other  outlets  from  the  unilerside 
of  the  piston  are  closed,  to  ensure 
which  they  are  loaded  with 
springs,  so  arranged  as  to  require 
somewhat  more  pressure  to  open 
them  than  the  discharge  vaJves  on 
the  side  of  the  cylinder.  The  gas, 
and  afterwards  the  oil,  then  all 
pass  out  through  the  piston,  no 
trace  of  the  former  being  present 
at  the  completion  erf  the  down 
stroke.  In  this  manner  the  oil 
system  of  sealing  can  be  advan- 
tageously retained,  and  the  pump 
will  work  as  well  at  the  lower  side  as  the  upper.  Fig.  i8  is  a  view 
illustrating  the  complete  machine,  which  is  driven  as  shown  by  a  hori- 
zontal tandem  condensing  engine. 


Fig.  17. — Double-acting  Vertical  Type, 
De  La   Vergne  Ammunia    Compressor. 
Vertical     Section    ibrough    Compres: 
Cylinder. 
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A  complete  installation  of  a  refrigerating  plant  on  the  De  La 
Vergne  ammonia  compression  system  is  shown  in  side  elevation  in 
Fig.  19,  from  which  view  the  circulation  of  the  ammonia  and  sealing 
oil  can  be  eaaly  traced,  viz  :— 

Firstly.  Following  the  path  taken  by  the  ammonia,  in  order  to 
produce  the  frigorific  effect,  a  is  the  compressor  cylinder,  wluch  is  - 
of  the  double-acting  type,  and  similar  in  construction  to  that  shown 
drawn  to  a  larger  scale  in  Fig.  1 7 ;  and  r  is  the  steanvengine  cylinder, 
which  is  arranged  horizontally,  as  shown  in  Fig.    18.     b  is  a  pipe 


Fig.  IS.— Double-acting  Vertical  Type  De  La  VergDe  Ammonia  Compressor  and 
Horiiontal  Tandem  Condenang  Engine.    Side  elevation  of  complete  machine. 

through  which  the  gas  is  drawn  or  sucked  from  the  evaporating  coils 
into  the  compressing  cylinder  a.  The  gas  is  then  discharged  by 
the  action  of  the  compressor  a  through  the  pipe  c  into  the  pressure 
tank  D,  where  the  sealing  oil  or  liquid,  the  course  of  which  will  be 
next  followed,  falls  to  the  bottom;  the  upper  half  or  portion  of  the 
pressure  tank  being  fitted  with  suitable  cast-iron  baifle  or  check 
plates  serving  to  more  completely  retain  the  oil  and  ensures  its 
deposition.  From  the  pressure  tank  i>  the  gas,  which  still  retains  the 
heat  due  to  compression,  passes  through  the  pipe  e  into  the  bottom 
or  lower  pipe  of  the  condenser  f,  wherein,  by  the  cooling  action  of  cold 
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water  running  over  the  pipes,  the  heated  gas  is  first  cooled  and  then 
liquefied.  The  ammonia,  in  this  liquid  condition,  is  then  led  by  the 
small  liquid  pipes  g,  through  the  liquid  header  h,  into  the  storage 
tank  I,  from  whence  it  flows  through  the  pipe  j  into  the  lower  part  of 
the  separating  tank  k,  which  latter  must  be  constantly  maintained  at 
the  very  least  three-quarters  full,  l  is  a  pipe  of  small  bore,  through 
which  the  liquid  ammonia  is  forced,  by  reason  of  the  pressure  to  which 
it  is  now  subjected,  to  the  expansion  cock  or  valve,  through  which  it 
is  injected  into  the  evaporating  or  expansion  coil  n  which  is  situated 
in  the  room  or  chamber  to  be  refrigerated  or  cooled. 

The  ammonia  gas  resulting  from  the  expansion  and  evaporation  of 
the  liquid  ammonia  in  the  evaporating  or  expansion  coil  n,  having 
absorbed  or  taken  up  the  heat  from  the  surrounding  atmosphere, 
passes  away  through  the  pipes  o  and  b,  back  again  into  the  compressor 
cylinder,  and  the  cycle  of  operations  of  compressing,  etc.,  are  again 
performed  as  above. 

Secondly.  Following  the  course  of  the  oil  employed  for  sealing, 
lubricating,  and  cooling  purposes,  which,  as  previously  mentioned,  is 
heated  with  the  gas  during  compression,  and  is  passed  into  the  tank 
D,  to  the  bottom  of  which  it  falls.  From  the  bottom  of  the  tank  d,  the 
heated  oil  is  conducted  through  a  pipe  a  to  the  lowermost  pipe 
of  the  oil-cooler  h,  which  is  practically  similar  in  •  construction,  but  on 
a  smaller  scale,  to  the  ammonia  condenser,  and  is  likewise  cooled  by 
sprayed  or  atomised  cold  water.  After  being  sufficiently  reduced  in 
temperature  in  the  oil-cooler  ^,  the  oil  flows  through  the  pipe  c,  strainer 
dy  and  pipe  ty  into  the  oil  pump  /,  which  latter  is  so  constructed  that 
it  delivers  the  cooled  oil  into  the  compressor,  distributing  it  to  either 
side  of  the  piston  or  plunger  during  its  compression  stroke,  that  is  to 
say,  in  such  a  manner  that  no  oil  is  furnished  during  the  suction  stroke 
of  the  piston,  but  only  during  the  time  of  compressing,  thereby 
cooling  the  gas  during  its  period  of  heating.  The  heated 
oil,  after  leaving  the  compressor,  then  again  returns,  together  with  the 
hot  compressed  gas,  to  the  pressure  tank  d,  and  follows  the  same 
round  through  the  oil-cooler  by  strainer  dy  and  oil  pump  /,  back  to  the 
compression  cylinder.  It  will  be  obvious  that  the  oil,  as  well  as  the 
^  ammonia,  is  used  over  and  over  again,  no  loss  or  waste  of  either  taking 
place  except  that  which  may  occur  through  leakage. 

Any  small  quantities  of  oil,  however,  that  may  be  carried  over  with 
the  current  of  the  gas  from  the  pressure  tank  d  into  the  conden.ser 
F,  pass  along  with  the  liquid  ammonia  into  the  separating  tank  k, 
where,  by  reason  of  its  greater  weight,  this  oil  falls  to,  and  collects 
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at,  the  bottom  of  the  tank.  As  soon  as  a  sufficient  quantity  of 
oil  has  become  thus  deposited,  it  is  drawn  oflF  and  passed  through  the 
oil-cooler  back  into  the  oil-pump.  The  oil  reservoir  or  tank  is  also 
connected  to  the  oil  pump  f.  ^ 

When  the  apparatus  is  employed  for  the  manufacture  of  ice,  the 
evaporating  coils  n  are  placed  in  a  tank  containing  brine,  sufficient 
space  or  clearance  being  left  between  them  to  admit  of  the  insertion 
of  ice-cans  or  moulds  containing  the  water  to  be  frozen.  In  this  in- 
stance the  steam  used  for  driving  the  motor,  after  doing  its  duty  in 
the  steam-engine  cylinder  r,  is  led  through  the  exhaust  pipe  s  into  a 
steam  filter  and  condenser,  where  it  is  purified  and  condensed.  The 
purified  condensation  water  then  passes  from  the  said  condenser  into 
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Fig.  20. — Diagram  taken  from  Single-acting  De  La  Vergne  Ammonia  Compressor, 

without  Sealing,  Lubricating,  and  Cooling  Fluid. 


a  water  regulator  tank,  and  from  the  latter  through  a  water-cooled 
coil  of  substantially  similar  construction  to  that  of  the  ammonia  con- 
denser F  and  oil-cooler  ^,  and  finally  is  delivered  into  the  ice  cans  or 
cases,  which  are  usually  constructed  of  galvanised  iron,  through  suit- 
able india-rubber  hoses,  fitted  with  stop-cocks  or  valves. 

When  the  water  in  the  ice-cans  or  cases  is  frozen,  they  are  lifted  out 
and  transported  by  means  of  the  overhead  travelling  crane  to  the  dip- 
tank  or  a  sprinkler,  where  the  blocks  of  ice  are  thawed  or  melted  out, 
after  which  the  empty  cans  are  refilled  with  water  through  the  hose, 
and  the  process  of  making  other  blocks  of  ice  is  commenced. 

The  various  parts  are  clearly  indicated  upon  Fig.  19,  and  the  paths 
taken  by  the  ammonia,  the  sealing,  lubricating,  and  cooling  oil,  and  the 
steam  are  shown  bv  the  arrows. 
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The  advantages  derived  from  the  use  of  the  sealing,  cooling,  and 
lubricating  liquid  in  the  compressor  cylinder  will,  become  very  apparent 
on  a  comparison  of  the  diagram  shown  in  Fig.  20,  which  was  taken 
from  a  gas  compressor  worked  without  employing  the  liquid,  with 
that  shown  in  Fig.  21,  which  was  taken  from  a  similar  compressor,  but 
with  the  charge  of  liquid. 

The  diagram  shown  in  Fig.  20  was  taken  from  a  14  in.  x  28  in. 
single-acting  gas  compressor,  working  with  a  direct  pressure  of  157  lbs., 
and  a  back  pressure  of  20  lbs.,  and  at  a  speed  of  thirty-six  revolutions 
per  minute,  no  sealing,  cooling,  and  lubricating  liquid  being  used. 
A  indicates  the  adiabatic  curve,  and  b  the  isothermal  curve. 

The  adiabatic  curve  is,  as  is  well  known,  that  curve  which  would 


Fig.  21.— Diagram  taking  from  Single-acting  De  La  Vergne  Ammonia  Compressor, 

with  Sealing,  Lubricating,  and  Cooling  Fluid. 

be  produced  were  the  air  or  gas  to  be  instantaneously  compressed,  that 
is  to  say,  without  transmission  of  heat,  and  the  "isothermal  curve  is  that 
which  would  result  if  it  were  possible  to  compress  the  same  without 
raising  its  temperature  at  all.  In  actual  working  the  curves  obtained 
fall  between  the  adiabatic  curve  and  the  isothermal  curve. 

It  will  be  seen  by  an  inspection  of  this  diagram  that  the  com- 
pression curve,  which  by  right  should  approach  the  adiabatic  curve  a, 
on  the  contrary  falls  into  close  proximity  to  the  isothermal  curve  b,  and 
indicates  the  existence  of  a  leakage  past  the  piston  of  i5"2  per  cent,  of 
the  gas  being  compressed,  and,  as  is  shown  by  the  curved  line,  which 
is  produced  by  the  re-expansion  of  the  gas  filling  the  clearance  between 
the  piston  and  compressor  head  or  cover,  a  further  loss  from  the  latter  * 
source  of  7*4  per  cent.,  that  is  a][total]  loss  of  2 2 '6  per  cent,  due  to  not 


6+ 


REFRIGERATION  AND  COLD  STORAGE. 


employing  the  liquid.     The  horse-power  shown  on  this  indicator  card 
is  44. 

The  diagram  shown  in  Fig.  21  was  taken  from  a  similar  compressor 
running  at  the  same  speed,  and  working  at  150  lbs.  direct  pressure,  and 
with  a  back  pressure  of  27  lbs.  The  actual  power  indicated  by  this 
card  is  48.  The  horse-power  measured  to  the  adiabatic  curve  a  equals 
53  "6.  The  horse- power  saved  by  employing  the  sealing,  lubricating, 
and  cooling  liquid  is  5*6  for  each  compressor,  or  in  a  machine  having 
two  compressors  a  total  saving  of  11 '2  horse-power.  The  efficiency 
of  the  compressor  is  98-6  per  cent,  of  its  theoretical  value,  a  result 
attained  by  the  use  of  the  liquid.  The  efficiency  of  the  compressor, 
as  indicated  by  the  card  shown  in  Fig.  20,  is  only  77  per  cent,  of  that 


Fig.  22. — Diagram  taken  from  Double-acting  De  La  Vergne  Ammonia  Compressor, 

with  Sealing,  Lubricating,  and  Cooling  Fluid.  ^ 

indicated  by  the  card  shown  in  Fig.  21,  the  loss  being  the  result  of  the 
non-use  of  the  sealing  liquid. 

Fig.  22  shows  a  diagram  taken  from  a  12  in.  x  24  in.  double-acting 
gas  compressor,  running  at  a  speed  of  thirty-four  revolutions  per 
minute,  and  fitted  with  Louis  Block's  patent  improvements,  which 
latter  have  been  already  described  on  pages  57  and  58. 

The  steam  cylinder  actuating  the  above-mentioned  14  in.  x  28  in. 
gas  compressor,  whilst  the  diagrams  shown  in  Figs.  20  and  21  were 
being  taken,  was  18  in.  X  42  in.,  and  was  working  under  a  steam  pres- 
sure of  68  lbs.  per  square  inch,  the  speed  being,  of  course,  the  same 
as  that  of  the  gas  compressors,  viz.,  36  revolutions  per  minute. 

Indicator  diagrams  taken  from  this  steam  cylinder  showed  on  the 
card  an  initial  pressure  of  65  lbs.,  and  the  mean  effective  pressure  of 
the  diagrams  equalled  32*4  lbs.     The  horse-power  developed  was  63, 
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and  the  expansion  line  approached  so  close  to  the  theoretical  curve 
as  to  show  that  the  cut-ofF  valve  worked  well,  thus  effecting  a  great 
economy  in  steam  consumption. 

Machines  on  the  ammonia  compression  system  are  made  by  a  num- 
ber of  other  firms,  both  in  this  country  and  abroad,  certain  specific 
improvements  being  claimed  to  give  to  each  of  them  some  particular 
advantage.  It  would  be  impossible  in  this  little  work  to  give  extended 
descriptions  of  these  machines,  or,  indeed,  even  to  make  brief  mention 
of  all  of  them.  The  following,  however,  are  the  most  salient  features 
of  some  of  the  principal  amongst  them  : — 

The  characteristic  feature  in  the  Frick  machine  is  the  means 
adopted  for  permitting  the  compressor  to  be  safely  worked  without 
clearance,  and  thereby  ensuring  the  complete,  or  practically  complete, 
discharge  of  the  gas  therefrom.  Two  forms  of  compressors  con- 
structed on  this  principle,  are  illustrated  in  Figs.  23,  24,  and  25. 

Referring  to  the  drawings,  a  is  the  compressor  pump  piston,  in 
which  is  placed  the  suction  valve  b,  which  is  of  ample  area,  and  is 
balanced  hy  a  spring;  the  piston  working  metal  to  metal  against 
the  top  cylinder  head  without  clearance,  c  is  the  inlet  for  the  am- 
monia gas,  and  d  is  the  outlet  way  through  which  the  compressed  gas 
is  discharged  from  the  pump  barrel  or  cylinder  through  the  aperture 
and  valve  in  the  dome,  f  is  a  jacket  surrounding  the  pump  cylinder, 
and  into  the  clearance  or  space  thus  provided,  a  constant  stream  of 
cold  water  is  kept  circulating,  so  as  to  take  up  as  much  of  the  specific 
heat  of  compression,  and  of  the  latent  heat,  through  the  wall  of  the  cylin- 
der as  possible,  and  thus  obviate  super-heating  thereof,  g  is  a  relief 
valve  situated  in  the  cylinder  head,  which  valve  in  Fig.  23  also  forms 
the  discharge  valve,  and  is  acted  on  by  springs  e  and  G*,  the  first  being 
compressed  for  the  ordinary  discharge,  and  the  second  when  the  safety 
device  comes  into  operation.  In  the  arrangement  shown  in  Fig.  24, 
which  is  that  used  in  the  large  machines,  the  relief  valve  G  is  nor- 
mally retained  upon  its  seating  by  the  powerful  springs  g^  and  the 
ordinary  discharge  or  outlet  valve  d,  is  situated  centrally  in  the  latter. 
I  is  the  piston  rod  stuffing  box.  k  is  an  oil  reservoir  and  hand  pump 
for  lubricating  the  piston  rod,  and  through  the  small  pipe  and  valve 
L  the  pump  cylinder  when  required,  which  is  usually  only  when  starting 
a  new  machine,  or  one  that  has  been  standipg  for  a  considerable  time ; 
the  latter  also  serves  for  the  attachment  of  an  indicator,  to  enable  indi- 
cator diagrams  to  be  taken  from  the  pump. 

It  will  be  seen  that  the  compressors  in  question  are  of  the  single- 
acting  type,  the  pistons  are  long,  and  are  each  provided  with  carefully- 
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fitted  lings,  and  the  arrangement  of  the  stuffing  boxes  and  glands 
shown,  moreover,  is  such  as  to  render  the  escape  of  gas  round  the 
piston  rods  practically  impossible  under  proper  worldng  conditions. 


The  two  patterns  of  compressors  are  constructed  upon  a  substantiaJly 
similar  imnciple;  that  shown  in  Fig.  23  bemg  the  form  of  construction 
employed  in  the  case  of  small  macWnes,  and  that  in  Fig.  24  in  large 
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ones.  In  both  anangements  the  dischaige  valve,  relief  valve,  together 
with  the  guides,  speeder,  and  false  seat,  are  entirely  self-contained  and 
independent  of  the  pump  cylinder,  rwdering  it  possible  to  expedi- 


tiously replace  the  whole  mechanism  by  a  new  one,  or  to  speedily 
execute  any  necessary  r^drs.  It  will  be  seen  that  the  valve 
mechamsm  can  be  easily  got  at,  it  bmng  only  necessary  for  that  purpose 
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to  remove  the  light  pump  head.     Fig.  J5  is  a  vertical  centra!  section 
showing  the  complete  machine. 

The  operation  is  as  follows : — The  suction  valve  b  being,  as  before 
mentioned,  of  very  ample  area  and  balanced  by  a  spring,  affords  no 
resistance  to  the  passage  of  the  gas  upon  the  return  or  backward  stroke 
of  the  piston,  but  allows  of  its  flowing  freely  and  rapidly  into  the  pump 


cylinder,  through  the  gas  inlet  C,  under  the  action  of  the  back  pres- 
sure, to  the  vacant  space  above  the  piston.  The  rapid  closing  of  the 
suction  vah'e  b  at  the  instant  of  the  piston  beginning  its  forward  or  up- 
stroke is  ensured  by  a  cushion  spring,  and  the  gas  is  gradually  com- 
pressed until  it  equals  the  condensing  pressure  arling  upon  the  dis- 
charge valve  in  the  relief  valve  located  in  the  cylinder  head,  which  then 
opens  to  admit  of  its  escape  to  the  condwiser.  There  being  no 
clearance  between  the  piston  a,  when  at  the  termination  of  the  upward 
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or  forward  stroke,  and  the  cylinder  head,  practically  no  gas  remains  in 
the  cylinder  to  re-expand  on  the  return  or  backward  stroke  of  the 
piston,  and  destroy  the  vacuum. 

It  will  be  seen  that  it  is  rendered  possible  to  do  this  with  perfect 


Fig.  26.— Diagram  taken  from 
Flick  Compressor. 


Fig.  27. — Diagram  taken  from 
Frick  Compressor. 


safety,  as  in  the  event  of  any  foreign  body  or  obstruction  getting  acci- 
dentally between  the  piston  a  and  the  cylinder  head,  the  valve  or 
movable  portion  g  of  the  latter,  which  is  of  the  full  dimensions  of  the 


Fig.  28. — Diagram  taken  from 
Frick  Compressor. 


Fig.  29.— Diagram  taken  from 
Frick  Compressor. 


pump  bore,  will  give  way  and  allow  the  compressed  gas  to  pass  into 
the  dome,  and  thence  to  the  condenser,  the  said  movable  portion  or 
relief  valve  g  being  returned  to  its  seat,  under  the  action  of  the  spring 


Fig.  30. — Diagram  taken  from 
Frick  Compressor. 


Fig-  3 '.—  Diagram  taken 
from  Frick  Compressor. 


G*,  and  the  back  pressure.  Under  normal  conditions,  however,  this 
relief  action  does  not  take  place,  the  discharge,  as  already  mentioned, 
being  effected  through  the  preliminary  opening  of  the  relief  valve, 
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or  through  the  smaller  discharge  or  outlet  valve  d,  which  is 
usually  of  steel,  and  is  fitted  upon  a  seat  in  the  centre  of  the  movable 
portion  of  the  head  or  relief  valve  G. 

Were  no  provision,  such  as  the  above-described  relief  valve  or 
safety  head  g,  provided,  and  any  obstruction  to  become  accidentally 
interposed  between  the  piston  and  the  cylinder  end,  not  only  would 
the  latter  be  knocked  out,  and  serious  damage  to  the  mechanism  ensue, 
but  the  full  charge  of  ammonia  gas,  which  in  a  large  machine  is  worth 
a  considerable  sum,  would  be  lost. 

Figs.  26  to  31  show  several  indicator  cards  taken  from  Frick  com- 
pressors, the  originals  of  which  are  in  the  possession  of  the  company. 
It  will  be  noticed  on  an  inspection  of  these  cards  that  they  show  sharp 
comers  and  straight  vertical  lines,  which  is  the  indication  of  a  prac- 
tically perfect  non-clearance  pump,  furthermore,  it  will  be  seen  that  the 
horizontal  lines  are  very  straight,  and  the  compression  curves  demon- 
strate great  regularity,  which  latter  features  indicate  perfect,  or  practi- 
cally perfect,  action  of  the  valves. 

In  practical  working  spring  safety  heads  of  the  type  just  described 
are  apt  to  give  trouble  owing  to  the  difficulty  of  adjusting  the  springs 
to  work  under  the  variations  of  temperature  to  which  they  are  exposed 
within  the  compression  cylinder,  and  also  by  reason  of  the  liability  of 
dirt  or  other  foreign  bodies  becoming  lodged  upon,  a  seating  when  the 
head  is  raised,  and  preventing  it  from  forming  a  tight  joint  upon  its 
return  to  its  normal  position.  Mr.  Arthur  G.  Enock  has  endeavoured 
to  obviate  these  objections,  and  at  the  same  time  to  provide  a  spring 
safety  device  which  will  admit  of  the  piston  being  worked  in  the  com- 
pressor absolutely  without  clearance,  and  which  device,  being  located 
externally  to  the  cylinder,  will  be  unaffected  by  the  variations  in  tem- 
perature caused  by  compression  of  the  working  agent  therein. 

Mr.  Knock's  compressor  is  fitted  for  the  above  piupose  with  the 
safety  device  shown  in  section  in  Fig.  32. 

'  In  the  construction  of  this  machine,  the  crosshead  is  provided  with 
a  short  extended  trunk  in  which  is  placed  a  powerful  spring.  The 
piston  rod  is  provided  with  a  disc  screwed  upon  it  which  butts  upon  the 
top  of  the  spring,  and  a  cap  or  cage  encircling  the  piston  rod  is  em- 
ployed for  attaching  the  latter  to  the  crosshead  trunk.  The  pistons 
are  so  placed  that,  at  the  end  of  the  compression  stroke,  they  make 
metallic  contact  with  the  cylinder  head,  when  a  slight  compression 
takes  place  upon  the  spring  of  the  crosshead,  and  the  lost  motion  is 
taken  up  at  this  point.  This  not  only  secures  immunity  from  danger 
of  knocking  out  the  compressor  head  or  damaging  the  piston  and  piston 
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rod,  but  also  allows  the  valve  an  extra  moment  for  closing,  and  it  will 
be  readily  seen  by  reference  to  the  drawing  that  the  back  rush  or 
"  slip "  of  gas  as  the  piston  com- 
mences the  suction  stroke  will  be 
entirely  prevented.  In  Fig.  32A, 
which  is  a  direct  reproduction  from 
a  photograph  of  the  actual  parts, 
the  crosshead,  spring,  and  cap  are 
shown  removed  from  the  machine. 

It  need  hardly  be  pointed  out 
that  this  machine  should  pmnip  a 
good  deal  more  gas  with  a  given 
compressor  capacity  than  is  pos- 
sible in  any  of  the  other  types,  as 
it  would  not  only  discharge  the 
whole  of  its  capacity,  but  it  would 
not  allow  of  any  back  leakage. 
This,  the  inventor  avers,  has  been 
found  to  be  actually  the  case  in 
practical  work,  aix]  to  be  proved 
beyond  doubt  by  severe  and  ex- 
tended trials.  The  crosshead  trunk 
has  vertical  slots  in  it  through 
which  the  spring  can  be  seen  and 
examined,  and  the  sfning  is  only 
subject  to  the  ordinary  tempera-  . 
tures  found  in  an  engine  room. 

The  lift  and  fall  of  the  suction 

and  discharge  valves  are  vertical, 

and  there  is  consequently  no  lateral 

wear  and   tear  of  any  kind,   and 

the  valves  and  valve  seats  are  cut 

from  special  pieces  of  solid  tool 

steel,  and  are  consequently  subject 

to  very  little  hammering  out. 

Fig.  32,-Ver.ied   Section  through  The  compressor  jacket  is  pro- 

Crossbcad  and  Cylinder,  "Enock"      vlded    with    a    spiral    or    helical 

Patent  ComprcEsor.  annular  space,   through  which  the 

jacket  water  circulates,  and  considerable  velocity  is  thus  secured  to  the 

cooling  water,  and  a  much  more  rapid  transfer  of  heat  takes  place.  It  is 

also  impossible  for  air  or  gas  bubbles  to  adhere  to  the  outside  walls 
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of  the  compressor  cylinder,   and   this   is   in  itself   a   valuable   im- 
provement 

The  patent  crosshead  is  applicable  not  only  to  vertical  machines 
of  the  type  shown  in  our  illustration,  Fig.  32,  but  also  to  horizontal 
machines  for  single  or  double  action,  and  where  sufficient  headroom 
is  not  available  for  vertical  compressors  the  same  type  of  machine  is 
made  of  an  horizontal  pattern. 

This  patent  safety  crosshead  arrangement,  as  above  described  in 
its  application  to  large  ammonia  compressors,  is  also  successfully 
applied  to  compressors  of  the  enclosed  type  such  as  that  illustrated  in 
Fig.  32B,  which  is  suitable  for  refrigerating  and  ice-making  plants  on 
a  small  scale,  and  is  made  of  capacities  varying  from  one  quarter  of  a 
ton  to  five  tons  of  ice  per  twenty-four  hours. 

The  compression  machine  in  this  case  consists  of  two  vertical 
single-acting  ammonia  compression  cylinders,  w^hich  are  mounted  upon 
a  cast-iron  body,  with  end  covers  containing  the  crank-shaft  and  bear- 
ings. There  are  no  pump  rod  glands  to  pack  in  this  type  of  machine, 
as  the  evaporating  gas  returns  from  the  pipe  system  or  tank  coils 
direct  to  the  body  of  the  compressors,  and  then  flows  freely  through 
the  suction  valves  into  the  compressors,  the  suction  valves  being  of  a 
special  balanced  type  and  located  in  the  compressor  pistons. 

This  construction  does  away  with  the  expense  and  annoyance  con- 
sequent on  the  escape  of  refrigerant  through  pump  rod  glands,  and  it 
also  secures  the  operation  of  the  machine  with  the  smallest  possible 
expenditure  of  power,  on  account  of  the  absence  of  that  extensive  fric- 
tion upon  pump  rods,  which  is  always  present  in  any  double-action 
machines  which  have  hitherto  been  placed  upon  the  market. 

The  lubrication  of  these  enclosed  compressors  is  automatic  through- 
out, and  the  machines  have  been  run  for  extended  periods  without 
any  attention  in  this  direction. 

The  crank-shaft  runs  in  a  bath  of  oil,  which  is  contained  in  the 
lower  part  of  the  compressor  body,  and  both  bearings,  connecting-rod, 
and  piston  are  automatically  lubricated  from  the  crank-shaft. 

The  suction  and  discharge  valves  are  so  arranged  that  immediate 
access  can  be  obtained  to  them  by  simply  removing  the  top  cover  of 
the  machine,  which  can  be  done  without  breaking  pipe  joints.  The 
suction  and  discharge  pipes  are  provided  with  the  ordinary  stop  valves 
and  hand  wheels,  and  also  with  a  set  of  bye-pass  valves  and  pipes  so 
arranged  that  the  refrigerant  can  be  drawn  from  one  part  of  the  system 
and  stored  in  another. 

A  certain  amount  of  oil  will  always  find  its  way  out  of  the  discharge 
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valves  in  a  properly  lubricated  compressor,  but  owing  to  the  special 
arrangement  of  the  crank-shaft  and  pistons  very  little  oil  gets  through 
in  this  machine.  An  oil  separator  of  a  special  type  is,  however,  em- 
ployed as  a  safeguard,  the  gas  being  discharged  downwards  through  a 
series  of  perforated  baffle  plates,  and  then  rising  again  through  the 
slots  in  these  baffle  plates,  which  effectually  separate  and  retain  any 
oil  which  may  have  been  discharged  with  the  compressed  ammonia. 
The  gas  itself  passes  out  of  the  top  of  the  separator,  and  thence  into 
the  condenser.  Whatever  oil  is  separated  in  this  way  is  returned  to  the 
bottom  of  the  compressor  body  by  an  arrangement  of  valves  and  pipe 
connections. 

Fig.  32c  illustrates  a  20-ton  open  type  of  York  pattern  machine, 
fitted  with  the  "  Enock  "  patent  safety  crosshead. 

As  regards  the  position  of  the  valves  in  the  Enock  Compressor,  the 
suction  valve  is  placed  in  the  piston,  and  the  discharge  valve  in  the 
pump  head.  By  placing  the  valves  in  these  positions  a  very  large  valve 
area  is  obtained,  and  in  order  to  get  sufficient  opening  for  the  free 
passage  of  the  gas,  it  is  only  necessary  for  the  valve  to  lift  a  very  short 
distance.  The  advantages  of  this  are  twofold,  the  first  being  that 
while  the  piston  is  performing  the  downward  or  suction  stroke  the  gas 
can  flow  into  the  pump  easily  and  without  any  back  pressure  being" 
set  up.  Second,  owing  to  the  slight  lift  necessary  with  the  large  valve, 
but  little  beat  upon  the  seat  takes  place.  The  same  remarks  apply 
to  the  discharge  valve,  and  with  a  very  free  passage  for  the  discharge 
of  the  compressed  gas,  the  pump  can  be  worked  with  the  least  possible 
necessary  expenditure  of  power.  Another  point  is  that  of  the  rarefac- 
tion, or  otherwise,  of  the  gas  as  it  enters  the  pump  during  the  suction 
stroke.  In  the  Enock  Compressor  the  suction  valve  being  placed  in  the 
piston  and  the  cold  gas  always  coming  into  the  pump  at  the  bottom,  the 
entrance  of  the  gas  into  the  pump  at  the  lowest  possible  temperature 
is  ensured.  The  gas  increases  in  volume  as  it  increases  in  tempera- 
ture, and  if  the  temperature  is  kept  as  low  as  possible  the  weight  of 
gas  pumped  at  each  stroke  is  greater  than  it  would  be  if  the  gas  is 
rarefied  on  entering  the  compressor. 

The  ammonia  compression  machines  designed  by  Carl  Linde,  and 
first  patented  in  1870,  are  extensively  used,  and  this  type  of  machine  is 
said  to  give  very  good  results. 

In  the  Linde  compound  ammonia  compressor  the  high  and  low 
pressure  pistons  are  both  coupled  to  the  same  piston-rod,  and  an 
intermediate  chamber  connected  with  the  suction  and  back  pressure 
side  connects  the  cylinders.     The  pressure  of  the  gas  at  its  inter- 
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mediate  stage  is  conducted  by  a  suitable  pipe  from  the  front  of  the 
low  pressure  piston  to  the  rear  of  the  smaller  cylinder,  where  it  acts 
on  the  smaller  piston  in  the  reverse  direction,  and  directly  balances  an 
equal  area  of  the  large  piston. 

Fig-  33  is  21  plan  view  showing  a  compound  ammonia  compressor, 
combined  with  a  compound  steam  engine.  In  the  drawing  m  is  the 
high  pressure  cylinder,  and  n  the  low  pressure  cylinder  of  the  com- 
pound steam  engine,  and  o  is  the  low  pressure  cylinder,  and  p  the  high 
pressure  cylinder  of  the  ammonia  compressor. 

In  this  machine  it  will  be  seen  that  the  entire  power  of  the  engine 
is  applied  to  one  crank,  and  the  compressor  is  driven  oflf  the  other 


I^*S-  33- — Linde  Horizontal  Type  Compound  Ammonia  Compressor  and 

Compound  Steam  Eugme.     Plan  View. 

crank.  This  arrangement  entails  the  provision  of  a  very  powerful 
crank-shaft  and  bearings  to  admit  of  its  safely  withstanding  the  double 
strain  to  which  it  is  thus  subjected  during  work.  An  objection  to  the 
arrangement  is  the  additional  amount  of  friction  to  which  it  gives  rise. 

A  type  of  Linde  machine,  intended  especially  for  land  installations, 
comprises  compound  ammonia  compressors,  arranged  in  line  hori- 
zontally and  driven  from  a  crank  upon  a  crank-shaft  placed  centrally 
between  the  two  compressors,  and  at  right  angles  thereto.  The  neces- 
sary motion  is  imparted  to  the  crank-shaft  by  means  of  a  tandem 
compound  jet-condensing  engine. 

The  method  employed  by  Linde  to  prevent  leakage  of  gas  past 
the  piston  rod  stuflftng  box  and  gland,  is  to  provide  a  chamber  or  recess 
in  the  stuffing  box,  glycerine  or  some  other  suitable  lubricant  being 
constantlv  forced  into  this  chamber  or  recess  at  a  somewhat  higher 
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pressure  than  that  existing  in  the  compressor  cylinder,  the  result  of 
which  is  that  the  tendency  is  rather  for  the  lubricant  to  leak  or  escape 
inwardly,  than  for  the  ammonia  to  leak  outwardly.  A  suitable  separa- 
tor is  provided  for  the  elimination  of  any  lubricant  that  finds  its  way 
into  the  pump  or  compressor  cylinder,  and  passes  out  with  the 
ammonia. 

Another  important  feature  in  the  Linde  machine  is  the  method  of 
cooling  the  vapour  in  the  compression  cylinder,  by  the  introduction 
into  the  latter  of  a  small  portion  of  liquid  anunonia  with  the  gas 
or  vapour,  at  the  commencement  of  each  stroke,  whereby  it  is  reduced 
to  a  refrigerating  temperature. 

According  to  Mr.  Lightfoot,  the  following  are  the  results  that  were 
obtained  from  tests  made,  in  an  exhaustive  and  impartial  manner, 
by  a  committee  of  Bavarian  engineers,  with  an  ammonia  compression 
machine  constructed  on  the  Linde  system,  and  erected  in  a  brewery  in 
Germany : — * 

Nominal  capacity  of  machine,  ice  per  24  hours  .  -24  tons 

Actual  production  of  ice,  per  24  hours       ....    39*2  tons 

f.  »  »      per  hour 3,659  lbs. 

Heat  abstracted  in  ice-making,  per  hour    ....     731,800  units  t 
Indicated  horse-power  in  steam  cylinder,  excluding  that 
required  for  circulating  the  cooling  water,  and  for  work- 
ing cranes,  etc 53  I.H.P. 

Indicated  horse- power  in  ammonia  pump  .        .        .        .38  I.H.P. 
Thermal  equivalent  of  work  in  ammonia  pump,  per  hour    .    97 1460  units  f 
Ratio  of  work  in  pump  to  work  in  ice-making  .        .        .     i  to  7'5 
Total  feed- water  used  in  boiler,  ]>er  24  hours     .  .26,754  ^hs. 

Ratio  of  coal  consumed  to  ice  made,  taking  aB  evapora- 
tion of  8  lbs.  of  water  per  lb.  of  coal      .        .        .        .     i  to  26*3 

The  pumps  were  driven  by  a  Sulzer  engine,  developing  one  indi- 
cated horse-power  with  2 1*8  lbs.  of  steam  per  hour,  including  the 
amount  condensed  in  the  steam  pipes. 

The  Linde  machine,  as  built  in  the  United  States,  shows  several 
constructional  differences  as  compared  with  the  first  type  of  machine 
made  in  Germany.  Fig.  34  is  a  sectional  view  illustrating  the  most 
recent  design  of  Linde  compressor  cylinder,  as  made  by  the  Fred.  W. 
Wolf  Co.,  of  Chicago,  U.S. 

The  pattern  of  machine  made  by  the  Vilter  Manufacturing  Co., 
of  Milwaukee,  U.S.,  consists  of  either  one  or  two  horizontal  double- 

*  "  Proceedings,  Institution  of  Mechanical  Engineers,'*  1886,  p.  218. 
t  A  thermal  unit  is  the  amount  of  heat  necessary  to  raise  the  temperature  of  i  lb. 
of  water  i"*  by  the  Fahr.  scale  when  at  39*4°.    Mech.  eq.  778  ft.  pounds, 
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acting  ammonia  compressors  driven  by  a  horizontal  Corless  engine,  the 
Higine  and  compressor  cranks  being  keyed  on  the  extremities  of  the 
crank-shaft  at  angles  to  one  another,  so  as  to  cause  the  highest  gas 
pressure  in  the  compressor  to  take  place  at  the  time  when  the 
highest  steam  pressure  is  acting  on  the  engine.  The  ammonia'  com- 
pressor is  cast  with  slides  and  piilow  block  all  in  one  piece.  The 
wearing  surface  of  the  compressor  consists  of  a  cylindrical  bushing  or 
lining  which  is  forced  into  the  water-jacket  after  the  latter  is  bored. 
Four  ammonia  compressor  valves  are  located  in  the  two  circular  heads. 


Fig.  34.— Amciican  Pattern,  Linde  Horizontal  Type  of  Ammonia  Com- 
pressor.    Part  Sectional  View. 

the  latter  fitting  into  recesses  and  being  packed  with  metallic  packing. 
The  suction  and  discharge  valves  are  rendered  noiseless  in  action  and 
their  life  considerably  prolonged  by  the  provision  of  gas  cushions. 
The  compressor  plunger  is  fitted  with  self-adjusting  packing  rings  and 
also  bull  rings,  and  the  piston  and  follower  are  turned  circular  to 
exactly  fit  the  front  and  rear  heads  of  the  compressor,  and  thus  to 
reduce  the  amount  of  clearance  as  far  as  practicable,  the  plunger  rod 
being,  moreover,  adjustable  lengthways,  thus  admitting  of  an  equal 
division  of  the  clearance  bring  made,  and  the  wear  of  the  crank  and 
cross-head  boxes  being  taken  up  when  desired. 
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Leakage  of  gas  past  the  piston  or  plunger-rod  is  prevented  by  a 
stuffing  box  and  gland  fitted  with  a  metallic  packing,  held  in  position 
by  a  long  sleeve,  oil  being  circulated  through  the  latter  by  means  of 
an  automatically  operated  oil  pump,  and  the  oil  acting  both  to 
lubricate  the  piston  or  plunger-rod,  and  to  form  a  seal  to  prevent 
the  escape  of  ammonia.  A  separate  support  bolted  to  the  frame  of  the 
compressor  holds  the  outer  extremity  of  this  hollow  sleeve  in  place,  a 


Kig.  35.— Two-Cylinder  StOBle- Acting  Fixary  Compressor.    Vertical  Central  Section. 

packing'  being  provided  at  the  outer  end  of  this  support  for  retaining 
the  oil. 

By-passes  are  provided  between  the  suction  and  discharge  pipes  in 
close  proximity  to  the  compressor,  therd>y  admitting  of  the  valves 
being  operated  for  pumping  out  the  condenser. 

Wedge  adjustable  shoes  are  provided  in  the  cross-heads,  and  the 
connecting  rods  are  fitted  with  solid  heads,  the  formw  having  a  solid 
brass  box,  and  the  crank  pin  a  brass  box  lined  with  babbit  metal, 
wedge  adjustment  being  provided  in  both  Instances. 
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The  Fixary  compressor  is  shown  in  vertical  central  section,  some  of 
the  parts  bring  left  in  elevation  in  Fig.  35.  It  consists  of  two  vertical, 
single-acting  cylinders  a,  b,  having  an  equalising  chamber  c,  situated 
between  them,  at  the  upper  extremity  of  which  is  provided  a  small 
valve  governing  an  aperture  leading  to  the  suction  side  of  the  com- 
pressor. In  the  upper  extremity  of  each  of  the  cylinders  a,  b,  are  pro- 
vided two  valves,  that  on  the  right-hand  side  opening  inwardly  and 
being  the  suction  or  inlet  valve,  and  that  on  the  left-hand  side  opening 
outwardly  and  being  the  outlet  or  delivery  valve.  The  space  below 
the  pistons  is  filled  with  oil  which  lubricates  the  pistons,  whilst 
at  the  same  time  preventing  the  gas  from  escaping  past  them  to  any 
great  extent.  Any  gas  that  does  find  its  way  beneath  the  pistons  passes 
into  the  equalising  chamber  c,  where  any  accumulation  of  it  is  drawn 
off  by  the  compressor,  through  the  small  valve  in  the  upper  extremity 
thereof,  and  one  or  other  of  the  suction  or  inlet  valves,  and  again 
returns  to  the  system  through  the  outlet  or  delivery  valves.  The  oil 
that  may  be  carried  through  the  valve  in  the  equalising  chamber, 
serves  the  purpose  of  sealing  the  valves  and  filling  up  the  clearance 
spaces. 

The  characteristic  feature  of  the  Neubecker  system  is  the  special 
device  for  preventing  leakage  taking  place  round  the  piston-rod.  To 
effect  this,  the  stuffing  or  gland  box,  through  which  the  piston-rod 
passes,  is  so  enlarged  as  to  form  an  annular  recess  or  chamber  surround- 
ing the  rod,  which  chamber  is  partly  filled  with  oil,  and  maintained 
at  a  corresponding  pressure  to  that  prevailing  in  the  surrounding 
atmosphere,  by  means  of  a  compensating  chamber,  which  latter  is  con- 
nected at  its  upper  extremity  to  a  small  auxiliary  pump  through  a 
pipe,  the  inlet  to  which  is  governed  by  a  valve  connected  to,  and 
controlled  by,  a  metallic  diaphragm,  the  upper  side  of  which  diaphragm 
is  exposed  to  the  pressure  of  the  atmosphere. 

The  operation  of  this  compensating  chamber  is  as  follows : — The 
gas  which  may  escape  into  the  stuffing  box  chamber,  passes  into  the 
compensating  chamber,  and  as  soon  as  sufficient  has  thus  accumu- 
lated to  raise  the  pressure  therein  above  that  of  the  atmosphere,  it  acts 
upon  the  flexible  diaphragm  to  expand  it  outwardly,  and  thereby  open 
the  valve  communicating  with  the  above-mentioned  auxiliary  pump,  by 
which  the  gas  is  drawn  off  or  removed  and  delivered  into  the 
refrigerator.  The  pressure  in  the  separating  chamber  then  again  falls 
below  that  of  the  atmosphere,  and  the  diaphragm  being  forced  in- 
wardly by  the  atmospheric  pressure,  the  outlet  valve  closes.  The 
lower  portion  of  the  compensating  chamber  forms  a  well,  wherein  any 
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oil  that  leaks  past  the  piston-rod  gland  of  the  compressoT,  as  also  that 
coming  from  the  separator,  accumulates,  and  is  heated  by  a  steam  coil 
or  worm,  so  as  to  drive  off  any  gas  that  has  been  absorbed  by  the  oil, 
after  which  the  latter  is  drawn,  off  from  the  bottom  of  the  compensating 
chamber  to  be  cooled  and  filtered  for  further  use. 

Various  patterns  of  ammonia  compressors  are  constructed  by  the 
Pulsometer  Engineering  Company,  Limited,  on  their  improved  system, 
ranging  from  one  ton  ice-making  capacity  per  twenty-four  hours,  up  to 
installations  on  the  same  principle,  with  a  capacity  for  an  output  up  to 
25  tons  of  ice  or  more  per  day  of  twenty-four  hours. 

In  a  t3rpe  of  apparatus  particularly  suited  for  export,  everything, 
including  the  steam-engine,  compressor,  gas  condenser,  refrigerator,  and 
ice  tank,  is  mounted  on  one  continuous  bed,  all  the  ammonia  connec- 
tions are  ready  made,  and  the  whole  can  be  readily  put  in  one  case  and 
sent  abroad,  all  that  is  necessary  on  its  arrival  being  to  charge  the 
machine  with  gas  and  the  ice  tank  with  brine. 

In  the  case  of  a  small  machine  of  one  ton  ice-making  capacity,  such 
as  that  first  mentioned,  either  a  vertical  high-pressure  engine,  or  an 
horizontal  one,  or  any  other  suitable  motor,  is  employed;  for  larger 
sizes,  however,  these  makers  prefer  to  use  cross  compound  condensing 
engines  of  the  horizontal  type,  and  of  extra  size  to  provide  an  ample 
margin  of  power  in  hot  weather,  and  to  give  the  best  results  as  to  saving 
in  steam  consumption  from  an  early  cut-off,  and  each  engine  driving  a 
compressor  tandem.  The  engine  condenser  is  generally  made  of  the 
surface  condensing  type,  and,  together  with  the  water  circulating  pump, 
placed  between  the  engines  and  driven  from  the  low  pressure  cross-head, 
This  arrangement  has  been  found  in  practice  to  be,  with  long  strokes 
of,  say,  at  least  30  inches,  most  reliable,  and  it  admits,  moreover,  in  the 
event  of  an  emergency,  of  running  at  a  high  speed.  In  cases  where 
the  very  highest  economy  is  desirable,  triple  or  quadruple  expansion 
engines  are  desirable. 

Fig.  36  illustrates  one  of  a  pair  of  pumj>s  employed  in  a  brewery 
and  having  a  cooling  capacity  of  one  hundred  barrels  per  hour.  As 
will  be  seen  from  the  drawing  the  ammonia  pump  is  of  the  double- 
acting  type,  and  is  arranged  horizontally.  It  is  intended  to  be  driven 
from  any  convenient  source  of  power  already  extant  in  the  brewery. 
To  obviate  leakage  and  loss  of  ammonia  gas,  the  stuffing  box  is  fitted 
with  a  special  oil-lubricating  arrangement,  my  means  of  which  a  gas- 
tight  joint  i^  secured  without  any  necessity  for  screwing  up  the  gland 
so  as  to  grip  too  tightly.  The  valves  work  without  any  springs  or 
buffers,  and  in  the  larger  sizes  are  so  arranged  that  they  can  be  ad- 
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justed  from  the  exterior;  they  are  also  of  ample  area,  thereby  reducing 
the  pressure  on  the  pump,  and  preventing  the  latter  and  the  engine 
from  being  overworked. 

The  bondenser  is  fitted  with  sets  or  serias  of  lap-welded  tubes, 
which  are  subjected  to  high  tests  both  by  hydraulic  and  air  pressure, 
and  are  secured  in  a  patented  arrangement  of  return  heads  or  ends  of 
forged  Hteel.     The  inlet  and  outlet  valves  are  also  of  forged  steel. 

The  evaporator  or  refrigerator  consists  of  a  welded  steel  shell, 


having  hammered  steel  tube  i>lates  into  which  are  fitted  lap-welded 
tubes  (subjected  to  a  similar  test  to  those  of  the  condenser)  in  such  a 
manner  that  they  can  be  readily  withdrawn  from  the  shell  for  inspec- 
tion or  renewal,  and  the  whole  is  fitted  in  a  tank  with  suitable  brine- 
pump  connections.  The  inlet  and  outlet  tubes  are  likewise  of  forged 
steel.     This  arrangement  is  also  patented. 

The  makers  prefer  the  use  of  sets  or  series  of  tubes  in  their  con- 
densers, and  refrigerators,  to  that  of  coils  or  worms,  for  the  following 
reasons.  That  coils  or  worms  are  usually  made  in  long  lengths  with 
a  number  of  welds,  consequently  should  such  a  tube  at  any  time  ex- 
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hibit  signs  of  weakness  it  would  entail  a  heavy  expense  to  renew  it, 
both  on  account  of  the  weight  of  metal  and  the  difficulty  of  replace- 
ment. In  a  refrigerator,  in  addition  to  the  above,  the  use  of  a  coil 
gives  rise,  according  to  them,  to  a  tendency  to  prime,  and  thus  cause 
damage  to  the  pump,  and  there  is,  moreover,  they  say,  considerable 
trouble  in  bringing  the  brine  into  such  intimate  contact  with  the  outer 
surfaces  of  the  tubes  as  is  advisable. 


When  desired,  an  arrangement  can  be  fitted  to  this  ammonia  com- 
pression machine,  by  means  of  which  the  ammonia  can  be  pumped 
from  the  refrigerator  into  the  condenser  or  vice  versa,  or,  if  desired,  out 
of  the  machine  altogether. 

An  advantage  of  no  small  importance  possessed  bj"  this  apparatus 
is  that  of  the  utmost  simplicity  of  construction,  thus  considerably 
facilitating  tlie  management.     The  workmanship  and  design,  more- 
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over,  are  calculated  to  ensure  the  attainment  of  the  greatest  strength 
and  of  the  maximum  durability  possible. 

Fig.  37  is  a  perspective  view  illustrating  a  small  single-acting  verti- 
cal ammonia  compressor  and  condenser,  constructed  on  the  Kilbourn 
inclosed  type  system.  In  this  installation  the  machine  is  intended  to 
be  driven  by  a  gas-engine,  or  other  suitable  source  of  power,  and  it  is 
designed  for  cold  storage  on  the  direct  expansion  systenL  The  floor 
space  occupied  is  small,  being  only  for  the  entire  plant,  including  a  gas- 
engine  of  4  N.H.P.,  12  ft.  by  4  ft.  6  in.,  and  the  machine  is  capable  of 
maintaining  a  storage  capacity  of  from  8,000  to  10,000  cubic  ft.  at  a 
suitable  temperature  for  frozen  mutton,  or,  with  the  necessary  ap- 
pliances, of  making  2j^  tons  to  2  tons  of  ice  per  twenty-four  hours. 
The  condenser  and  refrigerator  are  composed  of  lap-welded  iron  coils 
fitted  in  steel  or  wrought-iron  shells. 

The  late  Mr.  J.  K.  Kilbourn,  C.E.,  was  the  inventor  and  patentee 
of  a  number  of  improvements  in,  and  connected  with,  refrigerating 
machinery,  his  chief  speciality  being,  however,  marine  refrigeration,  he 
having  had  a  wide  experience  in  this  direction,  and  several  marine 
types  of  ammonia  compression  machines,  constructed  on  his  system, 
will  be  found  described  and  illustrated  in  the  chapter  on  Marine  Instal- 
lations. 

Fig.  38  is  a  sectional  view  of  the  Triumph  Ice  Machine  Company, 
Cincinnati,  O.,  U.S.,  horizontal  pattern  double-acting  ammonia  com- 
pressor. It  will  be  seen  from  the  illustration  that  the  compressor  is 
provided  with  five  valves,  viz.,  three  suction  valves  and  two  discharge 
valves,  the  third,  or  auxiliary  suction  valve,  being  much  lighter  than  the 
main  valves,  and  perfectly  balanced,  and  it  being  claimed  by  the 
makers  tending  greatly  to  increase  the  economy  of  the  machine. 

Obviously  the  main  suction  valves  must  necessarily  be  of  sufficient 
dimensions  to  admit  the  charge  quickly  at  the  commencement  of  each 
stroke,  and  the  springs  controlling  them  must  consequently  have  an 
appreciable  tension.  It  will  be  readily  seen  that  owing  to  this  fact  the 
pressure  of  the  gas  in  the  cylinder,  during  admission,  must  be  less  than 
it  is  in  the  suction  pipe  by  an  amount  equal  to  the  tension  of  these 
springs.  By  the  use  of  the  above  mentioned  third,  or  auxiliary  suc- 
tion valve,  which  is  comparatively  light,  and  is  consequently  operated 
with  a  very  light  spring,  the  pressures  in  the  compressor  pump  are 
equalised,  and  a  fuller  charge  is  obtained  at  each  stroke,  thereby  in- 
creasing the  efficiency  of  the  machine. 

The  valves  comprise  each  a  guard  screwed  on  to  the  stem,  fitted 
inside  a  cage,  and  so  ribbed  as  to  reduce  the  port  area,  the  bottom  of 
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the  stem  being  enlarged  for  that  reason.  Sterns  extending  from  both 
the  suction  and  discharge  valves  to  the  exterior,  and  passing  through 
stuffing  boxes,  admit  of  their  being  adjusted  from  the  outside,  and 
any  desired  degree  of  tension  being  put  upon  the  springs.  The  object 
of  this  arrangement  is  to  adjust  the  machine  for  working  at  different 
pressures,  and  the  relative  temperatures  thereof. 

There  are  three  parking  compartments  in  the  piston-rod  stuffing 
box,  and  it  is  fitted  with  a  suitable  relief  valve  communicating  with  the 
suction.  The  heads  are  formed  concave,  and  of  a  radius  which 
enables  a  larger  valve  area  to  be  secured.  The  principal  shut-off 
valves  are  of  sirch  a  form  of  construction  as  to  admit  of  their  being 


packed  whilst  the  machine  is  working,  and  a  feature  in  the  design  of 
this  machine  which  is  of  by  no  means  inconsiderable  advantage,  is  that 
every  portion  of  the  compressor  is  easily  accessible. 

Fig.  39  is  a  plan  view'  showing  a  double-acting  compressor,  coupled 
direct  to  a  tandem  compound  condensing  steam  engine.  This  machine 
is  of  400-ton  capacity,  and  comprises  the  features  already  described 
with  reference  to  Fig.  38.  It  is  so  arranged  that  each  cylinder  can 
be  operated,  single  or  double-acting,  on  either  end.  A  separate  crank 
and  outer  bearing  are  provided,  thereby  adding  considerably  to  the 
strength  of  the  shaft.  Another  point  of  construction  which  is  of  con- 
siderable advantage  is  that  the  whole  machine  is  arranged  on  a  straight 
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line,  thereby  giving  great  strength  and  rigidity.  It  is  also  claimed 
by  the  makers  that  there  is  no  breathing  of  the  cylinder  in  this  con- 
struction, and  that  a  great  deal  of  unnecessary  clearance  is  not  al- 
lowed to  take  place  at  each  compression  stroke  of  the  machine. 

The  main  feature  of  novelty  claimed  in  the  ammonia  compressor 
invented  by  Thomas  Bell  Lightfoot,  and  for  which  he  obtained  a 
patent  in  1885,  is  that  compression  is  effected  at  one  side  only  of  the 
piston,  the  other  side  being  exposed  merely  to  the  pressure  of  the 
vapour  as  drawn  in  from  the  refrigerator.  The  suction  valve  is 
placed  concentrically  within  the  piston,  and  the  delivery  valve  within 
the  cylinder  cover. 


Fig.  39. — Double-acting  Horizontal  Type  Triumph  Ammonia  Compressor 
and  Tandem  Compound  Condensing  Engine.     Plan  View. 


The  main  distinctive  feature  of  the  Pictet  machine  is  the  means 
adopted  for  preventing  superheating  of  the  ammonia  gas  during  com- 
pression in  the  cylinder  of  the  pump,  and  the  loss  that  would  ensue  there- 
from, which,  were  there  no  means  employed  for  its  reduction,  might 
amount  to  as  much  as  30  per  cent,  in  a  double-action  compressor.  In 
some  arrangements,  as  has  been  already  mentioned,  provision  is  made 
for  effecting  this  by  injecting  a  small  quantity  of  liquid  into  the  com- 
pressor, which  liquid  in  evaporating  maintains  the  gas  or  vapour  in  a 
condition  of  saturation,  thereby  admitting  of  the  compression  being 
effected  under  such  conditions  as  to  approximate  more  closely  to  the 
isothermal  function ;  in  others,  again,  the  compressor  cylinder  is  water- 
jacketed  for  a  like  purpose.  In  the  Pictet  machine,  however,  in  addi- 
tion to  a  water-jacket  round  the  compressor  cylinder  or  barrel,  the 
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piston  and  piston-rod  of  the  compressor  are  likewise  formed  hollow, 
and  through  this  space  a  constant  stream  of  water  is  kept  circulating 
for  cooling  purposes. 

The  results  obtained  by  this  arrangement  are  much  lessened  by  the 
great  thickness  of  metal  that  is  required  in  the  parts.  The  loss  in  a 
well-jacketed  and  water-cooled  compressor,  according  to  the  experi- 
ments* of  Professor  Denton,  amounting  to  21*4  per  cent.,  and  where 
less  efficiently  jacketed  the  loss  will  be  from  21-3  to  about  25  per  cent. 

In  the  specification  of  a  patent  granted  to  Raoul  Pictet  in  1887  he 
describes  an  improved  vessel  or  compartment  for  use  in  a  refrigerating 
apparatus,  wherein  the  volatile  liquid  employed  is  subjected  to  evapora- 
tion so  as  to  produce  cold,  which  refrigerateis  brine  or  other  non-con- 
gealable  liquid  surrounding  the  evaporating  compartment.  The  said 
improved  cooler  or  refrigerator  is  claimed  to  be  suitable  for  use  with 
eather  a  compression  or  an  absorption  machine,  and  consists  of  two 
tubes  arranged  horizontally,  and  connected  at  their  extremities  by  bent 
tubes,  and  at  their  lower  sides  by  pendant  U-shaped  tubes,  which 
latter  are  preferably  secured  by  means  di  solder  joints  to  sockets  brazed 
on  the  tubes,  and  are  further  connected  with  each  other  by  conducting 
bands^ 

In  the  latter  part  of  1887  a  patent  was  obtained  by  Samuel  Puplett 
and  Jonathan  Lucas  Rigg  for  improvements  in  refrigerating  machines, 
and  several  further  improvements  have  since  been  added  by 
Puplett 

The  main  features  of  the  1887  patent,  which  are  equally  applicable 
to  any  ice-making  and  cooling  apparatus  wherein  any  one  of  the  con- 
densable gases  is  used  as  a  frigorific  agent,  are  as  follows : — 

The  provision  of  chambers  or  reservoirs  either  situated  directly  at 
the  bottom  of,  and  communicating  with  the  inlet  valve  chests,  or  in  any 
other  suitable  position,  and  connected  thereto  by  means  of  pipes.  These 
chambers  or  reservoirs  serve  to  receive  the  oil  which  finds  its  way  into 
the  cylinder  of  the  compressor  pump,  principally  round  the  piston-rod, 
and  which  would  otherwise  accumulate  beneath  the  valves.  To  the 
undersides  of  the  said  chambers  or  reservoirs  are  fitted  draw-off  cocks, 
by  means  of  which  the  oil  may  from  time  to  time  be  withdrawn 
whilst  the  machine  is  in  motion,  and  without  any  appreciable  loss  of 
gas  or  admission  of  air  taking  place. 

Complete  liquefaction  of  the  gas  is  ensured  by  canying  the  return- 
liquid  pipe  between  the  condenser  and  refrigerator  through  the  re- 
frigerating or  ice-making  tank  or  box,  instead  of  outside  the  latter,  as  is 

♦  *•  Transactions,  American  Society  of  Mechanical  Engineers,"  vol.  xii. 
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usually  done,  thus  utilising  the  low  temperature  of  the  brine  to  com- 
plete the  condensation  of  the  gas. 

In  Fig.  40  is  illustrated  a  modem  type  of  Puplett  ammonia  com- 
pression machine  especially  designed  for  use  in  breweries  for  cooling 
worts  and  yeast  rooms. 


Fig.  40. — Double-acting  Puplett  Ammonia  Compression  Machine. 

The  cooling  capacity  of  this  machine  varies  from  20  barrels  of 
worts  per  day  to  200  barrels  per  day,  and  the  horse-power  required 
from  3  up  to  12,  in  accordance  with  the  size  of  the  machine.  The 
apparatus  can  be  connected  to  existing  hot  and  cold  liquor  backs  and 
collecting  tanks. 

Sir  Alfred  Seale  Haslam  took  out  a  patent  in  1894  for  an  improved 
compressor  especially  intended  for  use  with  refrigerating  machines,  and 
particularly  applicable  to  compound  compressors  wherein  the  gas  is 


THE  COMPRESSION  PROCESS  OR  SYSTEM.         85 

compressed  in  stages.  The  objects  of  the  invention  are  to  prevent  the 
gas  from  escaping  or  coming  in  contact  with  the  air,  and  to  avoid  dead 
spaces  in  the  apparatus.     The  chief  novel  features  are  claimed  to  be 


as  follows : — First,  a  pump  cylinder  having  a  chamber  at  one  or  both 
ends  through  which  the  piston-rod  passes,  and  which  is  kept  supplied 
with  lubricating  and  sealing  liquid  from  a  reservoir  through  which  the 
gas  to  be  compressed  also  passes.     Second,  two  single  and  double-act- 
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ing  pumps  arranged  tandem  to  each  other,  and  with  the  compression 

ends  of  their  cylinders  next  each 

othw,  and  having  between  them  a 

chamber  supphed  with  lubricating 

and  sealing  liquid,  through  which 

their  common  piston-rod   passes. 

Fig.  41  shows  this  machine  in  plan 

and  side  elevation,  and  Fig.  42  is  a 

vertical    central    section    through 

5        one  of  the  ammonia  compressor 

£        cylinders,    drawn    to   an    enlarged 

"*       scale,   illustrating  the  self-sealing 

a        oil-chamber. 

^  The  operation  of  the  Haslam 

E  rompres.<!or  is  as  follows  : — After 
'■J  adjusting  the  glands  of  the  receiv- 
■|  ing  and  separating  vessel,  the 
S  latter,  and  the  central  chamber,  is 
4-  charged  with  lubricating  and  seal- 
E  g  ing  fluid  to  a  suitable  height.  The 
"S  y  gas  is  then  drawn  through  the  sup- 
S-g  P'y  pip^<  accompanied  by  the  re- 
3  £  quisite  amount  of  the  lubricating 
I""  and  seaJing  fluid,  which  latter  is 
u  admitted  to  the  low-pressure  cylin- 
|i  der  by  a  cock  or  valve,  through 
h'  the  suction  valve,  and  compres- 
-  sion  to  the  desired  extent  is  then 
«       carried  out 

°  Fig.  43  shows  a  Haslam  belt- 

7  driven  horizontal  double-acting 
3-  ammonia  compressor  of  the  latest 
u  design,  which  is  made  in  standard 
sizes  from  4  tons  ice-making  capa- 
city up  to  12  tons  ice-making 
capacity,  and  requiring  from  rz  to 
SO  I.H.P. 

Fig.  44  illustrates  a  large  Has- 
lam type  of  machine  consisting  of 
two  double-acting  horizontal  am- 
monia compressors  coupled  direct 


THE  COMPRESSION  PROCESS  OR  SySTEJtf.         B7 

to  a  powerful  triple  expansion  vertical  steam  engine,  shown  in 
the  foreground,  of  the  latest  and  most  improved  marine  type,  the 
cylinders  of  which  are  mounted  upon  massive  supports,  and  the  whole 
bolted  securely  to  a  box  bed-plate.  The  compressors  are  fitted  with 
Haslam  and  Co.'s  special  oil  sealing  gland. 

This  machine,  which  has  a  refrigerating  capacity  of  200  tons,  was 
recently  buiit  by  Messrs.  Hastam  for  the  River  Plate  Fresh  Meat 
Company. 

The  pioneer  of  refrigerating  machinery  in  the  United  States  was 
Mr.  David  Boyle.  The  modem  type  of  Boyle  ammonia  compressor 
consists  of  two  vertical  single-acting  pumps  arranged  in  combination 


Fig.  43.— Belt-d 

with  a  vertical  or  an  horizontal  engine.  The  compressor  valves  are 
mounted  in  removable  valve  boxes,  and  both  the  suction  and  discharge 
valves  are  situated  in  the  upper  head,  where  they  are  held  in  place  by 
cross-bars  and  a  set  screw  to  each  of  them.  There  is  a  division  in 
the  centre  of  the  head.  The  gas  being  delivered  through  its  pipe, 
which  is  secured  in  an  extension  on  the  cylinder  communicating 
with  the  inlet  chamber,  enters  the  cylinder  through  its  valve  on 
the  downward  stroke  of  the  piston.  The  gas  is  compressed  upon  the 
upward  or  return  stroke  of  the  piston  until  such  time  as  it  becomes 
equal  to  the  pressure  in  the  condenser,  when  the  discharge  valve  in 
the  opposite  side  of  the  head  rises  and  permits  the  discharge  of  the 
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gas  through  the  valve  uul  communicating  chamber  ti 
discharge  pipe,  to  take  place. 


The  suction  chamber  likewise  communicates  with  the  lower  end  of 
the  cylinder  of  the  compressor  so  as  to  allow  the  latter  to  be  filled  with 
gas  during  the  upward  stroke  of  the  piston,  and  to  permit  its  escape 


The  Compression  Process  or  sfstem.      ig 

therefrom  during  the  downward  stroke  of  the  piston.  A  solid  pattern 
of  piston  fitted  with  a  number  of  snap-rings  having  sufficient  tension  to 
prevent  any  leakage  of  gas,  is  employed,  aod  the  piston-rod  stuffing- 
box  gland  is  adjustable  through  a  worm  and  worm  wheel  arrangement 
by  means  of  a  hand  wheel  from  the  exterior. 

A  water-jacket  surrounds  the  upper  part  of  the  compressor  cylinder 
and  an  inlet  and  outlet  admit  of  a  constant  flow  of  water  being  main- 
tained through  the  same. 

The  York  Manufacturing  Company,  of  York,  Pa.,  U.S.,  are  makers 
of  compound  ammonia  compressors  in  which  all  the  gas  has  to  be 
drawn  through  the  suction  valves,  and  these  latter  have  to  divide  the 
space  on  the  heads  of  their  cylinders  together  with  the  delivery  valves, 
being  consequently  limited  in  dimensions.  When  the  compressors  are 
of  large  size  the  gas  is  passed  through  a  condenser  between  the  two 
stages  of  compression  for  the  purpose  of  abstracting  a  portion  of  the 
heat,  reducing  the  volume  and  saving  power.  The  connecting  pipes 
are  located  on  the  top,  and  in  some  instances  a  tubular  condenser  is 
provided,  which  arrangement  is  said  to  give  good  results.  The  valve 
in  the  low  pressure  cylinder  is  formed  annular,  and,  therefore,  requires 
only  about  half  the  lift  of  a  mitre  valve  in  order  to  give  the  same 
discharge  opening. 

These  makers  arrange  their  compressor  cylinders  vertically,  but 
they  employ  in  combination  therewith  both  vertical  and  horizontal 
steam  engines. 

The  medium-sized  machines  are  made  with  two  low  pressure  cylin- 
ders placed  on  the  outside,  and  one  high  pressure  cylinder  placed 
between  them.  The  crank  pins  of  the  low  pressure  pistons  are  all 
in  line,  and  the  high  pressure  crank  pin  on  which  the  horizontal 
engine  works  is  placed  at  i8o  degrees. 

In  the  case  of  the  very  large^sized  machines  four  compressor 
cylinders  are  arranged  in  a  row,  and  are  worked  by  four  cranks,  the 
two  outside  ones  of  which  are  high  pressure,  and  the  two  intermediate 
ones  between  these  being  low  pressure.  The  two  connecting  rods  from 
a  cross-over  compound  engine  each  operate  respectively  one  of  the 
outer  cranks.  The  fly-wheels  are  overhung,  and  the  pipes  from  the 
cylinder  heads  connect  the  high  and  low  pressure  cylinders  through  a 
condenser  or  cooler. 

This  company  also  build  single-acting  compressors,  and  in  Fig.  45 
is  shown  one  of  their  latest  designs  of  a  vertical  type  of  single-acting 
machine.  A  large  type  of  compressor  constructed  by  them,  and  having 
a  capacity  of  400  tons  refrigeration,  has  two  single-acting  ammonia 
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pumps  30  inches  in  diameter  by  48  inches  stroke,  and  driven  by  a 
horizontal  cross  compound  condensing  engine,  having  a  high  pressure 
cylinder  of  30  inches  in  diametCT,  and  a  low  pressure  cylinder 
of  58  inches  in  diameter,  by  48  inches  stroke,  the  crank-shaft 
being  provided  with  two  throws  and  four  bearings,  and  the  fly-wheel 


being  in  the  centre  of  the  bed-plate  between  the  two  cranks.     The 
weight  of  this  machine  is  over  178^4  tons. 

The  vertical  type  of  ammonia  compressor  made  by  the  Remington 
Machine  Company,  Wilmington,  Del.,  U.S.,  is  of  the  single-acting 
inclosed  crank  pattern,  the  crank-shaft  extending  through  one  side  of 
the  casing  only,  and  being  fitted  with  a  single  stuffing  box  on  that  side, 
and  a  central  bearing,  so  as  to  render  the  construction  more  rigid.  In 
the  bottom  of  the  casing  is  an  oil  bath  into  which  the  cranks  dip,  and 
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the  central  bearing  is  at  all  times  flooded  with  oil.  There  are  two 
cylinders,  cast  in  one,  and  fitted  with  heads  carrying  the  suction  and 
discharge  valves  mounted  in  cages.  The  heads  of  the  two  cylinders 
are  connected  on  the  suction  side  to  a  strMner-box  for  intercepting 
any  dirt  or  foreign  matter,  and  the  discharge  side  is  connected  with 
a  throttle  valve  which  is  common  to  both  the  cylinders.  The  pistons 
are  of  the  common  trunk  pattern.     This  machine  is  typical  of  the 


inclosed  compressor  made  by  the  Automatic  Refrigerating  Machine 
Co.,  Sydney,  N.S.W.  and  San  Francisco,  and  of  a  number  of  machines 
of  this  class  made  by  various  other  makers. 

The  ammonia  compressors  constructed  by  the  Tuxen  and  Ham- 
merich's  Engineering  Works,  Limited,  of  Nakskov,  Denmark,  are  mostly 
of  the  horizontal  double-acting  type.  Fig.  46  shows  a  belt-driven 
machine.  The  pump  cylinder  is  fitted  with  a  lining  made  from  a 
special  hard  mixture  of  cast  iron,  so  as  to  obviate  the  porosity  which  is 
inevitable  when  the>'  are  cast  in  one  piece,  and  thus  to  prevent  the 
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absorption  of  ammonia  by  the  metal.  When  worn,  moreover,  a  liner, 
or  bush,  of  this  description,  can  be  removed,  and  replaced  by  a  new 
one,  the  cylinder  being  thus  renewed  at  much  less  cost  in  time  and 
money  than  is  the  case  when  the  cylinder  is  made  of  a  single  casting. 
The  valves  are  made  of  steel,  and  the  valve  boxes  are  arranged  in  such 
a  manner  that  the  valves  can  be  withdrawn  without  necessitating  the 
disconnection  of  any  other  portion  of  the  machine  or  connections. 

A  gas-tight  joint  is  formed  at  the  piston  or  plunger-rod  stuffing  box 
by  means  of  an  oil  chamber  formed  between  the  packing  rings,  and  by 
a  patented  arrangement  the  pressure  of  the  gas  in  the  compressor  is 
employed  to  maintain  a  constant  pressure  of  oil  in  this  sealing  cham- 
ber ;  in  this  manner,  it  will  be  seen,  the  tendency  of  the  ammonia  itself 
to  escape  is  utilised  to  prevent  its  escape.  Another  feature  in  this 
compressor  is  that  the  oil  chamber  is  connected  to  the  suction  side  of 
the  compressor,  so  that  in  the  event  of  the  machine  running  hot  it  may 
be  cooled  by  the  simple  expedient  of  running  a  current  of  cold  air 
through  the  oil  chamber.  This  arrangement  is  free  from  valves,  and 
other  working  parts  which  are  liable  to  fall  into  disrepair,  and,  more- 
over, requires  practically  no  attention,  and  is  claimed  by  the  makers  to 
admit  of  a  pressure  being  kept  up  equal  to  the  pressure  of  the  am- 
monia, however  much  the  latter  may  vary,  a  duty  which  it  is  impossible 
to  perform  by  any  arrangement  of  pump,  and  besides  which  the  latter 
arrangement  is,  according  to  them,  inferior  in  many  other  respects. 

In  a  type  of  double-acting  vertical  ammonia  compression  machine 
constructed  by  the  Buffalo  Refrigerating  Machine  Company,  of  Buffalo^ 
N.Y.,  U.S.,  the  ammonia  pump  cylinder  and  the  steam  engine  cylinder 
are  in  line  vertically,  and  are  bolted  to  a  cast-iron  framing  mounted  on 
a  heavy  bed-plate.  Fig.  47  shows  the  ammonia  compressor  cylinder 
in  vertical  central  section.  The  piston  is  fitted  with  self-adjusting 
packing  rings,  one  at  each  end,  and  the  pressure  of  the  gas  acts  upon 
tjie  conical  surfaces  of  these  rings  so  as  to  expand  them  outwardly 
equally  in  all  directions,  and  so  form  a  gas-tight  joint.  The  pressure 
and  suction  valves  are  of  large  area,  so  that  all  wire-drawing  of  the  gas 
is  avoided;  moreover,  they  are  so  arranged  as  to  leave  a  minimum  of 
spaces  to  retain  gas,  and  they  are  formed  with  lengthy  guide  surfaces, 
and  supplied  with  cushioning  chambers,  to  prevent  improper  strains, 
and  admit  of  their  closing  upon  their  seatings  without  noise  and  ham- 
mering. On  the  bottom  of  the  suction  valve  stem  a  collar  is  provided, 
which  has  the  advantage  of  preventing  it  from  falling  into  the  com- 
pressor cylinder  should  the  nut  on  the  upper  end  of  the  valve  stem 
accidentally  work  off. 
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The  valves  are  mounted  in  cages,  which,  it  will  be  seen  from  the 
drawing,  are  so  constructed  that  they  can  be  readily  r»noved  from,  or 
replaced  in  position,  without  necessitating  the  dismounting  of  any  other 


part.  A  lengthy  stuffing  box  is  i»rovided  to  prevent  leakage  of  gas 
round  the  piston-rod,  and  an  oil  chamber  therein,  between  the  upper 
and  lower  packings,  is  autcmiatically  supplied  with  oil  from  an  oil  tank. 
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This  oil  tank  is  charged  with  oil,  as  necessary,  by  means  of  a  hand 
pump  connected  to  the  tank.  The  lower  part  of  the  stuffing  box  oil 
chamber  is  connected  with  the  lower  part  of  the  oil  tank,  and  the  upper 
part  of  the  latter  is  connected  with  the  suction  valve  of  the  compressor, 
as  shown  in  the  illustration  (Fig.  47).  The  result  of  this  arrangement 
is  that  the  oil  in  the  oil  tank  is  constantly  under  the  suction  pressure  of 
the  machine  on  both  top  and  bottom  ends  of  the  cylinder.  The  oil 
tank  being  higher  than  the  stuffing  box  oil  chamber,  the  oil  flows  from 
the  former  to  the  latter  by  gravity,  and  should  any  leakage  of  ammonia 
occur  through  the  first  layers  of  packing  into  the  stuffing  box  oil  cham- 
ber, it  will  be  drawn  into  the  suction  pipe  of  the  machine,  and  in  this 
manner,  according  to  the  makers,  provision  is  made  to  prevent  the 
stuffing  box  pressure  ever  exceeding  the  working  suction  pressure  of  the 
condenser. 

Suitable  valves,  on  the  connecting  pipes  communicating  with  the 
oil  tank,  admit  of  regulating  the  amount  of  oil  passing  to  the  stuffing 
box  oil  chamber,  and  enough  oil  adheres  to  the  piston-rod,  and  passes 
into  the  cylinder  to  lubricate  the  latter. 

The  clearance  spaces  between  the  piston  and  the  heads  01  the  com- 
pressor cylinder  are  reduced  to  the  lowest  possible  point,  the  thickness 
of  a  sheet  of  packing  being  all  that  is  provided.  As  will  be  seen  from 
the  drawing  the  compressor  cylinder  is  completely  surrounded  by  a 
water-jacket  to  carry  off  the  heat  generated  during  compression. 

The  Arctic  Machine  Manufacturing  Company,  of  Cleveland,  Ohio, 
U.S.,  have  been  successfully  manufacturing  refrigerating  machinery  for 
the  past  twenty-two  years  or  more,  and  machines  constructed  by  them 
as  far  back  as  1879  are  still  running.  The  modem  types  of  machine 
built  by  the  Company  comprise  a  double-acting  vertical  ammonia  com- 
pressor, coml:)ined  with  a  vertical  steam  engine,  and  two  vertical  com- 
pressors combined  with  a  horizontal  steam  engine.  The  fly-wheel  is 
now  generally  located  between  the  upright  columns,  but  in  some  pat- 
terns of  machine  it  is  still  placed  on  the  exterior,  and  is  provided  with 
an  outside  bearing.  The  valves  of  the  compressor  are  mounted  in 
cages,  and  are  so  arranged  as  to  be  readily  get-at-able.  The  stuffing 
box  of  the  compression  piston-rod  is  formed  deep,  and  provided  with 
oil  sleeves. 

The  ammonia  compression  machine  made  by  Geo.  Challoner,  Sons, 
and  Co.,  of  Oshkosh,  Wis.,  U.S.,  belongs  to  the  inclosed  class.  A 
pattern  made  by  this  company  is  a  triple  cylinder  single-acting  machine, 
the  entire  box  frame  of  which  is  cast  in  one  piece,  and  is  secured  to  an 
nrrhed  bed-plate.     Circular  removable  flanges  at  each  extremity  carry 
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extra  long  babbitted  crank-shaft  bearings,  and  are  provided  with 
stuffing  boxes  and  glands,  made  of  considerable  length  to  prevent 
leakage  of  oil  or  gas  round  the  crank-shaft.  The  interior  crank-shaft 
bearings  are  ^o  mounted  within  the  box  frame  as  to  be  easily  dis- 
mounted when  desired.  The  working  parts  of  the  machine  run  in  an 
oil  bath  in  the  hollow  box  frame,  and  lubrication  is  thus  ensured  with- 
out exterior  aid.  The  upper  part  of  the  frame  is  faced  and  bored  to 
receive  the  pump  cylinders,  which  latter  can  be  removed  and  replaced, 
if  required,  without  disturbing  the  box  frame. 

In  the  larger  patterns  of  machines  the  pump-cylinders  are  provided 
with  safety  heads.  The  suction  valves  are  located  in  the  pistons,  and 
the  discharge  valves  are  either  in  the  safety  heads  or  in  the  false  heads, 
and  both  suction  and  discharge  valves  are  so  arranged  that  they  can  be 
removed  without  necessitating  the  disconnection  of  the  pijje  connec- 
tions. The  connection  to  the  suction  is  in  the  box  frame  beneath  the 
cylinders,  so  that  the  frame  is  maintained  cool  by  the  low  temperature 
gas  returning  to  the  pump  cylinders.  The  discharge  connections  are 
formed  to  the  pump  cylinders  above  the  safety  heads,  and  both  con- 
nections are  fitted  with  stop  valves,  and  a  bye-pass  is  also  provided,  so 
as  to  admit  of  the  pumps  being  reversed  to  pump  the  gas  from  the 
high  to  the  low  pressure  side.  A  suitable  purge  valve  on  the  discharge 
connection  admits  of  the  box-frame  being  pumped  out,  and  likewise 
the  discharge  of  any  air  gaining  admission  to  the  interior  on  the  open- 
ing of  the  frame. 

A  machine  made  by  the  Ideal  Refrigerating  and  Manufacturing 
Company,  of  Chicago,  is  fitted  with  an  arrangement  for  the  more  even 
distribution  of  the  work  of  the  compressor  piston.  To  effect  this  the 
diameter  of  the  crank  pin  circle  is  formed  much  larger  than  the  piston 
stroke,  and  connection  is  made  through  a  toggle  lever  arrangement.  It 
is  claimed  that  as  the  connecting-rod  to  the  crank-shaft  brings  the  two 
toggle  levers  connected  to  the  piston-rod  into  line,  the  force  that  is 
available  for  moving  the  piston  will  increase  independently  of  the 
action  of  the  toggle  levers. 

According  to  the  makers  the  effect  of  the  intermittent  motion 
which  the  cam  head  on  the  piston  imparts  to  the  valve  is  to  somewhat 
more  than  double  the  life  of  the  latter,  owing  to  the  length  of  time 
during  which  motion  is  arrested  whilst  the  crank  is  passing  the  dead 
centre,  the  toggle  being  then  in  a  straight  line  with  the  piston-rod. 
They,  moreover,  aver  that  it  affords  a  considerable  advantage,  in- 
asmuch as  it  gives  the  valve  ample  time  to  get  properly  seated,  and  for 
all  the  gas  to  be  expelled  from  the  cylinder,  and  not  be  sucked  in 
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again  on  the  return  stroke,  thus  greatly  increasing  the  efficiency  of  the 
machine. 

A  vertical  single-acting  ammonia  compressor  (Stallman's)  manufac- 
tured by  the  Creamery  Package  Manufacturing  Company,  of  Chicago, 
111.,  U.S.,  consists  of  a  pair  of  pumps,  the  lower  portion  of  the  cylinders 
being  cored  out  so  as  to  form  a  series  of  ports,  which  lead  from  the 
suction  inlet  round  the  piston  and  communicate  with  the  cylinders  at 
such  times  as  the  pistons  are  at  the  bottom  or  limit  of  their  downward 
stroke.  In  this  manner,  the  cylinders  having  been  partly  filled  by  the 
gas  delivered  through  the  suction  valves  in  the  pistons  during  their 
downward  stroke,  the  charge  will  be  fully  completed  at  the  termination 
of  the  stroke,  and  the  utmost  pressure  of  evaporation  be  obtained  in 
the  cylinders  owing  to  the  passage  of  gas  through  the  above  mentioned 
pcxts. 

The  discharge  valve  seat  rests  upon  a  shoulder  formed  by  the  en- 
largement of  the  upper  part  of  the  cylinder.  This  seat  is  made  of  tool 
steel,  and  is  forced  into  position  before  the  last,  or  finishing  cut  is 
made,  and  is  bored  out  with  the  cylinder,  forming  practically  a  portion 
of  the  walls  of  the  latter.  The  outlet  port,  to  which  is  connected  the 
discharge  pipe,  is  situated  immediately  above  the  valve  seat,  connected 
with  the  enlarged  jX)rtion  of  the  cylinder,  and  branching  off  from  same 
at  right  angles.  The  discharge  valve  is  of  steel,  and  turned  up  from 
the  solid.  It  has  a  disc-shaped  bottom  of  larger  diameter  than  the 
cylinder,  and  rests  upon  the  above  mentioned  seat  in  the  annular  en- 
largement in  the  cylinder,  the  upper  part  of  the  valve  is  cylindrical, 
and  this  trunk-shaped  portion  slides  in  the  enlarged  bore  of  the  cylinder 
to  form  a  guide. 

When  making  its  upward  stroke  the  piston  passes  through  the  dis- 
charge valve  seat,  and  comes  into  contact  with  the  valve  itself.  The 
pressure  on  this  valve  is  regulated  by  a  spring  having  a  screw  adjust- 
ment through  the  cylinder  head.  This  arrangement  admits  of  the 
complete  discharge  of  the  gas  from  the  cylinder,  and  at  the  same  time 
forms  a  safety-head,  there  being  no  clearance  at  all,  and  no  loss  of 
efficiency  from  the  re-expansion  of  gas  from  such  clearance.  Another 
advantage  claimed  for  this  arrangement  is  that  owing  to  the  size  of  the 
valves,  a  very  slight  movement  only  is  required,  whilst  they  give  very 
large  areas  of  openings,  and  allow  of  large  volumes  of  gas  passing 
rapidly. 

The  cylinders  are  so  mounted  upon  the  frames  containing  the 
crank-shaft  bearings,  and  cross-head  guides,  as  to  cause  all  the  strains 
to  fall  upon  the  frames  direct,  instead  of  upon  bearings  in  a  separate 
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bed-plate.  The  result  of  this  form  of  construction  is  an  absolute 
rigidity  of  alignment,  and  the  frames  are  firmly  secured  in  position  by 
a  massive  bed-plate  of  box  pattern.  The  two  compressors  can  be  pro- 
vided with  independent  suction  connections,  and  can  then  be  worked 
independently  in  installations  so  operated  that  different  conditions  of 
temperature,  and  varying  back  pressures  exist,  as,  for  instance,  in  cases 
where  both  ice-making  and  r^rigerating  are  carried  out  together,  or 
where  freezing  chambers  are  run  along  with  ordinary  cold  stores. 

Fig.  48  is  a  vertical  section  through  the  pump  cylinder  of  a  single- 
acting  vertical  ammonia  compressor,  designed  by  Mr.  C.  A.  Mac 
Donald,  and  made  by  the  Hercules  Ice-Making  and  Refrigerating 
Machinery  Co.  of  Chicago,  111.,  U.S. 

A  special  feature  in  this  pump  is  that  an  arrangement  is  provided 
for  allowing  free  communication  between  the  inlet  branch  and  the  in- 
terior of  the  cylinder  when  the  piston  is  right  down,  or  at  the  end  of  its 
travel  in  a  downward  direction.  This  consists  of  a  belt  or  passage  cast 
around  the  lower  part  of  the  cylinder  which  is  in  connection  with  the 
inlet  branchy  holes  being  formed  into  this  belt  or  passage  through  the 
walls  of  the  barrel.  The  positions  of  these  holes  are  such  that  some 
will  be  lower  than  the  piston  when  it  is  at  the  extremity  of  its 
downward  stroke,  thus  affording  free  access  for  the  gas,  entirely  in- 
dependently of  the  valves,  before  the  return  stroke.  These  holes  have 
to  be  formed  by  cores  when  casting  the  pump  cylinder,  and  the  arrange- 
ment causes  the  casting  to  be  rather  a  difficult  one  to  make.  The 
holes,  however,  serve  to  compensate  for  the  reduction  in  the  size  of  the 
inlet  valve,  and  allow  of  a  full  back  pressure  of  gas  being  obtained 
above  the  piston  before  compression  is  commenced. 

Somewhat  similar  arrangements  to  the  above  are  provided  in  the 
Antarctic  single-acting  compressor  (designed  by  Mr.  Norman 
Selfe,  C.E.)  made  by  the  Antarctic  Refrigerating  Machine  Co.,  of 
Sydney,  N.S.W.  and  San  Francisco,  and  in  that  of  the  Auldjo  Machine 
Co.,  Australia. 

The  ammonia  compression  machines  constructed  by  the  Case 
Refrigerating  Machine  Company,  of  Buffalo,  N.Y.,  U.S.,  are  of  massive 
build,  and  at  the  same  time  are  so  designed  as  to  take  up  a  com- 
paratively small  amount  of  floor  space. 

A  special  feature  in  their  construction  is  that  the  piston-rods  of 
both  the  compressor  cylinder  and  the  steam  engine  cylinder  are 
connected  to  the  same  cross-head  which  works  between  the  said 
cylinders.  The  steam  cylinder  is  situated  below  and  directly 
in  line  with  the  compwessor  pump  cylinder,  thus  admitting  of  a  direct 
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transmission  of  power  in  a  straight  line,  and  doing  away  with  all  the 


strains  and  friction  which  occur  in  the  case  of  a  crank-shaft  and  con- 
necting-rods.    A  constant  stream  of  water  is  kept  flowing  through  a 
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water-jacket  surrounding  the  compression  cylinder  to  keep  the  latter 
cool  during  wotk. 

Another  point  in  this  make  of  compressor  is  that  the  suction  and 
discharge  valves  work,  horizontally,  an  arrangement  which  admits  of 
allowing  only  a  very  small  pocket  for  the  retention  of  compressed 
gas,  and  of  reducing  the  clearance  to  the  lowest  possible  fraction. 

A  douhle-acting  horizontal  ammonia  compressor  manufactured 
by  the  A.  H.  Barber  Manufacturing  Company,  of  Chicago,  111.,  U.S., 
is  shown  in  Fig.  49. 

The  machines  of  this  company  are  as  a  rule  built  with  a  box  framing 


P'E-  19- — Double-acting  Horizontal  Tyjie  Barber  Steam-driven  Amraoria 
Compressor. 

and  a  central  crank  in  the  case  of  belt-driven  machines,  and  a  Tangye 
pattern  frame  and  side  crank  when  coupled  directly  to  a  steam  engine. 
The  cylinder  is  sunk  into  the  frame,  the  cylinder  flanges  being  set  in 
the  centre  of  and  strongly  bolted  to  the  frame,  thus  equalising 
the  pressure,  so  that  the  cylinder  has  no  possible  chance  to  move  or 
reck;  and  a  flat  locomotive  pattern  guide  is  employed  which  admits 
kA  the  frame  of  the  machine  being  fcamed  both  deep  and  rigid  and 
rendering  it  practically  impossible  for  the  cylinder  to  get  out  of  line. 
The  cylinder  and  valves  are  completely  surrounded  by  water,  thereby 
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preventing  the  springs  of  the  latter  from  becoming  overheated  and 
losing  their  tension,  and  in  this  manner  increasing  their  efficiency. 
The  valves  and  their  seatings  are  constructed  of  tool  steel,  and  are 
hardened  to  render  their  life  as  long  as  possible.  The  valves,  more- 
over, can  be  easily  removed  without  having  to  disturb  any  other  joints. 
The  piston  is  light,  fitted  with  metallic  packing  rings,  and  the  piston- 
rod  stuffing  box  is  rendered  perfectly  gas  tight  by  a  double  packing 
with  a  central  oil  chamber.  The  arrangement  of  the  lubricator  is 
such  that  it  will  oil  the  cylinder,  valves,  and  piston-rod.  A  strainer 
placed  in  the  suction  pipe  or  conduit  near  the  compressor  prevents  any 
scale  or  other  matter  passing  into  the  latter. 

The  smallest  possible  amount  of  clearance  (one-sixty-fourth  of  an 
inch  at  each  end  of  the  piston  stroke)  is  left,  and  provision  is  made  for 
the  taking  up  of  any  slackness  in  the  connecting  rod  through  wear  on 
the  crank-shaft  or  guide. 

The  valves,  which  are  of  a  patented  form  of  construction,  cannot 
by  any  chance  drop  into  the  compressor  cylinder,  there  being  no  nuts  or 
keys  to  wear  out  and  get  loose,  Th&  compressor  shown  in  Fig.  49 
is  one  of  12  ton  refrigerating  capacity,  and  is  connected  directly  with 
the  driving  shaft  of  a  horizontal  Corliss  engine,  with  a  heavy  fly-wheel 
located  between  to  answer  for  both.  The  floor  space  occupied  by  this 
machine  (engine  and  compressor)  is  8  ft.  by  9  ft. 

It  is  claimed  by  the  makers  that,  owing  to  the  extremely  small 
amount  of  clearance  in  the  pump  cylinder,  and  the  arrangement  of  the 
valves,  it  is  possible  for  each  stroke  of  the  piston  to  compress  the  full 
area  of  gas  contained  in  the  cylinder. 

In  Fig.  50  is  illustrated  an  8  ton  compressor  supplied  by  the  above 
company  to  do  refrigerating  work  in  the  dairy  building  at  the  Trans- 
Mississippi  Exposition,  at  Omaha,  Neb.,  U.S.  This  machine  is  con- 
nected by  a  shaft  to  an  electric  motor  through  a  raw-hide  pinion  and 
cut  gear,  the  motor  and  compressor  being  both  mounted  upon  the 
same  base  or  bed-plate.  As  this  arrangement  does  away  with  all  belts, 
hangers,  or  shafting,  it  occupies  but  little  space,  and  it  is  always  ready 
for  work.  The  makers  state  that  they  can  from  experience  thoroughly 
recommend  the  adoption  of  this  pattern  machine  when  electric  power 
is  to  be  used,  having  installed  a  number  of  different  sized  compressors 
with  the  electric  motor  connected  up  in  this  manner,  and  they  being 
found  in  practical  working  to  give  great  satisfaction,  and  to  require  but 
little  attention. 

Fig.  51  shows  a  very  small  single-acting  ammonia  compressor 
known  as  the  "  baby  compressor,"  made  by  the  same  company.     As 
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will  be  seen  from  the  illustration  this  compressor  is  of  the  inclosed 
t)'pe,  the  piston  and  cranlc-shaft  nmning  in  an  oil  bath,  and  therefore 
working  noiselessly  and  requiring  little  or  no  attention.  The  com- 
pressor is  coupled  direct  to  a  vertical  engine,  the  power  required  to 
drive  being  under  3  horse-power.  The  refrigerating  capacity  of  this 
little  machine  is  one  and  a-half  tons,  and  it  is  adapted  for  use  in 
creameries,  meat  markets,  butchers'  cold  stores,  hotels,  etc.,  in  fact 
in  any  place  where  only  a  small  plant  is  needed. 


Ammonia  compression  machines  of  several  different  patterns  are 
built  by  the  Vulcan  Iron  Works,  San  Francisco,  California,  U.S.  Their 
horizontal,  double-acting  type  of  compressor  has  a  strong  girder  frame. 
The  compressor  pump  cylinder  (Fig.  52)  is  furnished  with  a  piston  of 
extra  length  fitted  with  special  packing  rings  that  will  take  up  any  wear 
that  may  develop,  a  aje  the  suction  inlets,  and  b  are  the  discharge  outlets. 
The  suction  and  discharge  valves  are  of  steel,  simple  in  construction,  of 
large  aren,  easily  removable  for  cleaning  or  inspection,  and  they  are  so 
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made  and  arranged,  being  provided  with  a  proper  safety  device  (which 
will  be  seen  from  the  sectional  view,  Fig.  52),  that  in  case  of  accident, 
they  cannot  fall  into  the  cylinder  and  wreck  the  machine.  As  will 
be  seen  from  the  illustration,  moreover,  the  stufHng-box  of  the  piston- 
rod  is  provided  with  an  oil  cellar  or  chamber  c  through  wluch  cold  oil 
is  constantly  circulated  by  means  of  a  pump  attached  to  the  top  of  the 
frame,  this  oil  bath  serving,  as  in  other  machines,  the  double  purpose 


of  acting  as  a  seal  to  prevent  the  leakage  of  any  ammonia,  and  of 
lubricating  the  piston-rod.  The  cylinder  of  the  ammonia  compressor  is 
water-jacket ed,  and  neatly  lagged,  a  circulation  of  water  being  kept  up 
through  the  jacket  to  remove  the  heat  generated  by  the  compression 
of  the  ammonia  gas. 

The  compressor  is  provided  with  a  dirt  trap  for  catching  and 
intercepting  any  foreign  matter  that  may  be  brought  back  from  the 
expansion  piping,  and  preventing  it  from  passing  into  the  cylinder. 
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Suitable  cross  connections  are  also  provided  for  enabling  the  condenser 
to  be  pumped  out  for  examination,  repairs,  etc.  The  cross-head  and 
connecting-rod,  as  wel!  as  the  crank-pin  and  the  main  bearing,  are 
formed  of  extra  strength  and  with  large  wearing  surfaces,  every  pro- 
vision being  made  for  meeting  any  excess  of  regular  duty. 

The  construction  of  the  compressor  will  be  readily  understood  from 
the  above  description  and  from  an  inspection  of  the  sectional  view. 
Fig.  52.  They  are  built  in  sizes  from  10  tons  refrigCTating  capacity 
and  upwards,  and  can  be  worked  either  on  the  dry  or  wet  gas  system. 
The  compressors  are  constructed  for  belt  driving,  or  are  connected 
direct  to  a  Corliss  or  Meyer  cut-off  steam-engine. 


A  small  verUcal  single-acting  compressor  of  the  inclosed  type, 
also  made  by  the  above  firm,  is  shown  in  the  sectional  views,  Figs.  53 
and  54.  The  constnictiwi  of  the  maclune  is  a^  follows :  a  is  the  piston 
yoke.  B  is  the  piston  yoke  guide.  C  are  the  yoke  blocks,  d  is  the 
crank  box.  e  is  the  crank  sleeve.  F  is  the  guide  bushing,  g  is  the 
crank-shaft  bushing.  H  is  the  crank-shaft  stuffing  box  gland,  i  is  the 
oil  valvfc  J  is  the  suction  valve,  k  is  tjie  discharge  valve,  l  is  the 
discharge  valve  guide,  m  is  the  cylinder  head,  n  is  the  discharge 
valve  cap  and  tension  spring,  o  is  the  suction  valve  seat,  p  is  the 
pipe  gland.  Q  are  the  gauge  valves.  H  is  the  packing  or  dividing 
ring,  s  is  the  relief  valve,  t  is  the  hollow  box  frame  or  casing  cover. 
U  is  a  dirt  trap  for  intercepting  any  foreign  matter  and  preventing 
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access  thereof  to  the  pump  cylinder,  v  is  the  body  or  frame  of  the 
compressor,  w  is  the  bed  or  base  plate,  x  is  the  guide  cover,  y 
is  the  crank-shaft.     And  z  is  the  crank  box  wearing  strip. 

The  cylinder  opens,  it  will  be  seen,  into  the  crank  chamber,  the 
sides  of  which  constitute  the  supporting  frame,  thereby  bringing  the 


cylinder  and  shaft  close  together.  The  crank  is  forged  on  end  of  a 
heavy  steel  shaft  which  passes  through  a  stuffing  or  packing  box  and 
gland  in  the  side  of  the  crank  chamber,  and  the  crank  pin  is  of  special 
construction,  having  a  hardened  steel  sleeve  held  in  place  by  a  collar. 
The  motion  is  transmitted  to  the  piston  through  a  strong  'yoke  having 
a  guide  on  its  lower  side.     A  movable  cover  or  bonnet  plate  t  admits 
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of  access  being  had  to  the  crank  chamber.  The  latter  chamber  is 
filled  with  oil  to  a  level  just  above  the  packing  box  of  crank-^iaft, 
the  height  of  the  oil  in  the  chamber  being  shown  at  any  time  by  the 
gauge  glass  shown  in  Fig.  53,  and  this  oil  bath  both  acts  as  a  lubri- 
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cant  to  the  moving  parts  of  the  machine  in  the  crank  chamber,  and  also 
as  a  seal  for  the  packing  box  of  the  crank-shaft. 

The  ammonia  gas  enters  the  crank  chamber  below  the  piston,  the 
suction  valve  is  provided  with  a  safety  cage  and  Is  situated  in  the 
centre  of  the  piston,  and  the  discharge  valve  is  placed  in  the  cylinder 
head,  and  both  these  valves  are  made  of  forged  steel.     A  water-jacket 
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having  a  proper  outlet  surrounds  the  pump  cylinder^  and  suitable 
facilities  for  cleaning  are  provided.  The  wearing  parts  being  supplied 
with  removable  bushings  tends  to  prolong  the  life  of  the  machine  at  a 
small  future  expense. 

This  inclosed  type  of  vertical  single-acting  compressor  is  made  in 
siies  varying  from  J^  ton  up  to  3J4  tons  refrigerating  capacity  per 
24  hours.  Another  pattern  of  this  machine  has  two  of  these  com- 
pressors mounted  upon  one  base  or  bed-plate,  and  connected  by  a  solid 
steel  shaft  with  a  crank  on  each  end,  and  a  single  fly- 
wheel located  centrally  between  the  cylinders.  The  working  parts 
of  this  compressor  are  identical  with  the  above,  and  this  type  is  made 
of  from  5  to  10  tons  refrigerating  capacity  per  24  hours.  The  small 
yi  ton  machine  requires  only  from  J^  to  Ji  horse-power  for  driving 
purposes,  and  the  floor-space  occupied  is  only  18  in.  x  30  in. 

A  compressor  of  the  inclosed  type  with  two  cylinders  in  line  horizon- 
tally is  likewise  made  by  Mr.  B.  Lebrun,  of  Nimy,  Belgium,  in  which 
any  escape  of  ammonia  past  the  pistons  is  received  in  a  bell-shaped 
receptacle  above  the  crank  chamber,  and  after  passing  through  a 
strainer  is  drawn  in  by  the  pumps  on  their  suction  strokes. 

The  St.  Clair  compressor  is  one  of  the  compound  type,  consisting 
of  a  combination  of  two  or  more  single-acting  compressors  in  such  a 
manner  that  the  gas  is  partly  compressed  at  a  lower  pressure  in  one 
compressor,  and  then  passed  to  another  wherein  the  higher  compres- 
sion is  applied.  This  machine  has  been  lately  greatly  improved  by 
Mr.  Thomas  Shipley,  and  is  manufactured  by  the  York  Manufacturing 
Company,  of  York,  Pa,,  U.S. 

A  number  of  other  types  of  ammonia  compression  machines  will 
be  found  described  in  the  chapter  devoted  especially  to  marine  refriger- 
ation. 


CHAPTER  VII. 
THE  COMPRESSION  PROCESS  {continue<f). 

Properties  of  Ether. — Modem  Ether  Machines.— Properties  of  Methyl  Chloride.' — 
Methyl  Chloride  Machines. — Properties  of  Sulphurous  Acid. — Sulphurous  Acid 
Machines. — Properties  of  Carbonic  Acid. — Carbonic  Acid  Machines. 

Properties  of  Ether,  and  Ether  Machines. 

C  H   ^ 
Ether  r*  w*  I  ^  ^^  ^  colourless  liquid  of  great  mobility,  and  possessed 

of  a  strong  and  peculiar  etherial  smell.  Ether  is  lighter  than  water  having 
a  specific  gravity  0736,  and  it  is  not  miscible  with  the  latter  liquid. 
The  boiling  point  of  ether  is  34'5°,  and  its  vapour  is  37  times  heavier 
than  hydrogen.  Ether  burns  with  a  luminous  flame,  and  explodes 
when  it  is  mixed  with  air.     The  specific  heat  of  liquid  ether  is  o'5i. 

The  advantages  and  disadvantages  of  ether  as  an  agent  or  medium 
have  already  been  touched  upon  (page  43),  but  they  may  be  here 
recapitulated. 

The  great  feature  of  ether  is  that  it  possesses  the  quality  of  working 
with  a  low  pressure  in  the  condenser,  an  advantage  of  considerable  im- 
portance in  very  warm  climates,  as  the  efficiency  of  a  low  pressure  ether 
machine  does  not  fall  oflF  appreciably,  even  when  the  condensing  water 
attains  to  a  comparatively  high  temperature.  This  is  also  advan- 
tageous by  reason  of  the  low  condenser  pressure — not  exceeding  from  7 
to  10  lbs.  per  square  inch,  even  in  the  hottest  climates — being  favour- 
able to  the  maintenance  of  tight  joints,  and  the  consequent  economy  of 
the  cbesmcals.  This  low  working  pressure  and  the  great  simplicity  of 
all  the  working  parts,  renders  this  class  of  machine,  moreover,  com- 
paratively easy  to  manage. 

On  the  other  hand  the  large  size  of  the  compressor  required,  about 
seventeen  times  that  of  an  ammonia  compressor  of  the  same  capacity, 
is  objectionable,  both  by  reason  of  first  cost  of  the  machine,  and  the 
space  occupied  by  it.  Another  serious  objection  is  the  highly  in- 
flammable nature  of  ether.     Owing  to  its  low  boiling  point  great  pre- 
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cautions  are  necessary  to  avoid  explosions,  when  using  this  substance, 
by  reason  of  the  vapour  becoming  mixed  with  air. 

All  formula  and  rules  intended  for  use  with  ammonia  compressors 
are  equally  applicable  to  ether  compressors,  except,  however,  that  it 
must  be  noted  that  the  specific  heat  of  the  saturated  vapour  of  ether 
is  positive,  and  that  consequently  it  will  super-heat  during  expansion, 
and  will  condense  during  compression.  This  quality  renders  it  un- 
necessary to  make  any  provision  against  super-heating,  and  an  ether 
compressor  is  invariably  worked  with  dry  vapour. 

The  ether  miachines  of  Twining,  Harrison,  Tellier,  Siebe  Gornaan 
and  Co.,  and  Delia  Beffa,  have  been  already  briefly  alluded  to  on  pages 
36  to  43.  In  Fig.  55  is  illustrated  a  modem  standard  type  of  ether 
machine  constructed  by  H.  J.  West  and  Co.,  Limited,  London,  which 
the  company  now  supply  for  use  in  tropical  countries.  A  commercially 
successful  ether  compression  machine  for  the  manufacture  of  ice  in 
large  quantities,  was  built  by  Mr.  Henry  J.  West,  the  founder  of  this 
firm,  in  the  year  1859,  and  the  manufacture  of  machines  of  this  type 
has  been  continued  successfully  up  to  the  present  day.  The  machine 
shown  in  the  illustration  (which  is  intended  to  be  belt-driven)  is  of  the 
horizontal  type,  and  is  arranged  with  the  condenser  on  one  side,  and 
an  ice^making  tank  upon  the  other. 

In  the  larger  pattern  of  ether  machines  made  by  the  firm,  having 
a  capacity  of  from  12  cwts.  of  ice  daily  and  upwards,  the  ether  com- 
pressor is  placed  on  the  same  bed  plate  as  the  steam  engine,  and  is 
connected  tandem-wise  to  the  engine  piston-rod.  The  motion  work  of 
these  machines  is  of  sufficiently  massive  construction,  and  all  wearing 
surfaces  are  of  ample  proportions,  each  bearing,  moreover,  being  pro- 
vided with  an  automatic  lubricator. 

An  ether  compression  machine  not  being  called  upon  to  withstand 
the  same  high  pressures  as  a  carbonic  acid  machine,  or  even  an  am- 
monia machine  (the  working  pressure  of  an  ether  machine  being  only 
about  7  lbs.  to  10  lbs.  per  square  inch  above  that  of  the  atmosphere), 
the  same  strength  of  construction  is  not  demanded,  and  the  design  is 
very  considerably  simplified.  The  difficulty  of  making  and  maintaining 
tight  joints  is  a  comparatively  easy  matter.  The  pressure  under  which 
ether  evaporates  in  the  refrigerator  being  lower  than  that  of  the  ex- 
ternal atmosphere,  but  a  very  slight  tendency  exists  towards  leakage  at 
the  gland  of  an  ether  compressor.  Any  leakage,  moreover,  of  air  that 
may  occur  into  the  ether  machine  through  faulty  packing  or  joints, 
merely  causes  a  slight  accumulation  of  pressure  in  the  condenser,  which 
can  be  easily  relieved  by  means  of  a  valve  provided  for  the  purpose. 
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As  ether  possesses  no  affinity  for  the  constituents  of  the  atmosphere, 
there  is  consequently  no  danger  of  decomposition  taking  place,  and  the 
formation  of  acids  or  gases  that  may  act  injuriously  on  the  interior  sur- 
faces  of  the  machine,  as  is  the  case  with  sulphurous  acid,  which,  under 
like  conditions,  decomposes  and  forms  sulphuric  acid. 

A  quality  possessed  by  ether  is  that  it  is  in  a  liquid  state  at  the 
ordinary  atmospheric  pressure  and  at  the  usuaJ  atmospheric  tempera- 


P'E'  5S-— Beli-drii-en  Horizontal  Type  Wtsi  Ether  Compression  Machine. 

tures,  so  that  it  can  be  drawn  out  of  the  plant  at  any  time  and  stored  in 
drums.  This  fact  renders  ether  an  especially  .suitable  agent  or  medium 
for  use  in  pOTtable  refrigerating  and  ice-making  plants,  consequently 
machines  working  on  the  low  pressure  ether  anhydride  process  are 
those  most  usually  chosen  for  military  purposes,  and  such  machines 
were  successfully  used  by  the  British  Government  for  military  operations 
and  field  hospital  work  in  the  Abyssinian  War  in  1868,  the  Ashantee 
Campaign  in  1874,  the  military  operations  in   Egypt  in   1883,  the 
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Ashantee  Campaign  of  1895,  the  Soudan  Campaign  of  1896-97,  and 
the  present  protracted  and  unfortunate  war  in  South  Africa. 

Properties  of  Methyl  Chloride,  and  Methyl  Chloride  Machines. 

Another  very  low  pressure  agent  or  medium  is  methyl  chloride 
(CH3CI),  which  is  obtained  as  a  colourless  gas  which  condenses  at  —  20° 
Fahr.  Methyl  chloride  is  formed  by  acting  upon  methyl  alcohol  with 
hydrochloric  or  muriatic  acid,  or  with  phosphorus  pentachloride,  and 
is  also  obtained,  together  with  other  substances,  by  the  action  of 
chlorine  upon  marsh  gas. 

Machines  operating  with  methyl  chloride  as  an  agent  are  manufac- 
tured by  Messrs.  Douane  of  Paris.  As  the  pressure  used  with  this 
agent  does  not  exceed  10  lbs.  per  square  inch  above  that  of  the  at- 
mosphere, the  same  remarks  apply  to  methyl  chloride  compressors  as 
to  ether  compressors,  and  the  construction  is  practically  identical.  The 
condenser  and  evaporator  tubes  of  the  methyl  chloride  machines  made 
by  Messrs.  Douane  are  all  covered  with  electro-deposited  copper. 

In  Fig.  56  is  illustrated  in  vertical  central  section  a  compression 
machine,  designed  by  Mr.  M.  E.  Douane.  In  this  machine  the  cooler 
or  refrigerator  is  shown  on  the  left  hand  side  of  the  drawing.  There 
is  a  hollow  standard  surmounted  by  a  single-acting  cylinder,  the  top  of 
which  has  valves  for  suction  and  discharge.  The  space  above  the  dis- 
chai^^e  valve  communicates  with  a  coil  leading  by  a  tube  to  the  stop- 
cock serving  for  the  admission  of  the  refrigerating  liquid  in  the  cooler. 
The  chamber  underneath  the  suction  valve  communicates  by  a  pipe 
with  the  outlet  of  vapour  from  the  cooler.  A  gauge  screwed  upon  a 
nozzle  shows  the  pressure  in  the  cooler.  The  piston  of  the  compressor 
is  worked  by  a  rod  and  crank  shaft  which  passes  through  a  stuffing  box 
in  the  side  of  the  hollow  standard. 

Properties  of  Sulphurous  Acid,  and  Sulphurous  Acid  Machines. 

Sulphurous  Acid  or  sulphur  dioxide  (S  O')  is  a  gas  obtained  by  the 
burning  of  sulphur,  as  has  been  already  mentioned  on  pages  43  and  44. 
Sulphurous  Acid  has  a  molecular  weight  of  65,  and  a  density  of  32. 
The  specific  heat  of  liquid  sulphurous  acid  is  -41  (water  =1).  The 
critical  pressure  is  79  atmospheres,  and  the  critical  temperature  312° 
Fahr.  The  specific  gravity  of  the  gaseous  acid  is  2-211  (air  =1),  and 
the  specific  gravity  of  the  liquid  at  a  temperature  of  —  4°  Fahr.  is  i'49i. 

Andreef  gives  the  following  formula  for  expressing  the  relation  of 
the  specific  gravity  s  of  the  liquid  to  the  temperature  / : — 

s'=.  I '4333  —  0*00277  /  —  0*00000027 1  P. 
Sulphurous    acid     or     sulphur     dioxide     possesses     the     advantage 
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of  being  liqueiiable  at  a  compajatively  low  temperature,  and 
machines  adapted  to  use  this  agent  or  medium,  whilst  not  operating  at 
anything  like  as  low  a  pressure  as  ether  or  methyl  chloride  machines, 
still  work  at  a  very  much  lower  one  than  ammonia  machines,  with 
condensing  water  at  normal  temperature,  the  pressure  being  only  from 
about  3675  to  44  lbs.  per  square  inch.  Sulphur  dioxide  possesses 
certain  lubricating  qualities,  consequently  compressors  using  this  agent 
require  no  extra  lubrication. 

Sulphur  dioxide  is  liable  to  form  sulphuric  acid  on  exposure  to  the 


air,  and  cause  corrowon — iron  being  the  metal  chiefly  acted  upon,  and 
gun  metal  or  copper  being  tolerably  immune  against  attack.  Conse- 
quently it  is  necessary  to  take  great  precautions  against  the  presence  of 
any  leaky  joints  in  the  apparatus. 

This  comparatively  low  working  pressure,  and  consequent  corre- 
spondingly low  temperature  of  compression,  admits  of  machines  using 
this  agent  working  without  superheating,  and  with  dry  vapour.  This 
latter  is  not  practicable  in  the  case  of  machines  working  with  either 
ammonia  01  carbonic  acid,  in  both  of  which  superheating  is  impossible 
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— especially  so  in  the  case  of  carbonic  acid — on  account  of  the  over- 
heating of  the  piston  and  stuffing  box  that  would  occur,  and  conse- 


quently all  these  latter  machines  work  more  or  less  on  the  wet  system, 
and  a  small  portion  of  the  work  of  evaporation,  which  ought  to  take 
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place  in  the  refrigerator  exclusively,  has  to  he  effected  in  the  com- 
pressor. 

A  number  of  different  paltems  of  machines  aOapteii  to  work  with 
sulphur  dioxide  are  made  by  Quiri  and  Co.,  Schiltigheim,  Alsace.  The 
smallest  type  of  machine  made  by  this  firm,  which  is  shown  in  Fig. 
57,  has  a  verticaJ  compressor,  the  cylinder  being  bolted  to  the  lower 
head  which  is  formed  in  one  piece  with  the  guides,  the  latter,  as  well 
as  the  crank-shaft  journals,  being  cast  together  with  the  condenser. 
The  compi«ssor  is  of  the  double-acting  type,  and  is  provided  with 


Fig.  58.— Bell-driven  Double-acting  Horiiunlal  Type  Quiri  Sulphurous 
Acid  Compressor. 

valves  of  pho^hor  bronze,  with  steel  spindles.  These  machines  are 
made  in  sizes  of  from  4.'!  cwts.  to  12  cwts.  ice-making  capacity  per 
24  hours. 

The  larger  sizes  of  machines  are  of  the  double-acting  horizontal 
pattern,  and  are  arranged  either  for  belt  or  rope  drive,  or  are  direct 
coupled  to  a  steam  engine. 

The  belt-driven  compressors  consist  either  of  a  single  cylinder 
double-acting  pump,  such  a.s  that  shown  in  Fig.  58,  which  is  of  re- 
markal>ly  simple  construction,  or  of  two  praclirally  similar  pumps, 
laterally  coupled,  that  is  to  say,  arranged  side  by  side,  and  having  a 
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single  crank-shaft  with  two  end  cranks,  and  a  central  fly-wheel  between 
the  two  compressors  adapted  for  a  rope  drive. 

In  another  arrangement,  intended  for  rope  driving,  two  similar  com- 
pressors are  mounted  in  line  upon  the  ends  of  a  single  bed  plate.  Both 
the  piston-rods  of  the  compressor  cylinders  are  in  this  case  coupled 
through  their  connecting  rods  to  the  same  crank-pin  upon  a  crank  at 
the  end  of  a  crank-shaft  supported  in  a  bearing  upon  the  bed  plate,  and 
in  an  outside  bearing  in  a  suitable  pedestal.  Upon  this  crank-shaft 
is  a  fly  wheel,  grooved  for  rope  driving.  This  machine  may  be  coupled 
to  a'Sulzer  steam  engine. 

One  pattern  of  steam  driven  compressor  consists  of  a  compressor 
practically  similar  to  that  shown  in  Fig.  58,  laterally  coupled  to  a  steam 
engine  with  slide  valve  motion,  in  a  similar  manner  to  the  two  pumps 
above  mentioned. 

These  anhydrous  sulphuric  acid  compressors  are  each  connected 
with  a  condenser,  either  of  the  submerged  or  immersion  type,  or,  in 
cases  where  condensing  water  is  scarce,  with  a  condenser  of  the  at- 
mospheric evaporative  tj^pe,  and  with  a  refrigerator,  and  the  entire 
refrigerating  apparatus  consists  of  these  parts  solely,  no  oil-pumps,  oil- 
separators,  rectifying  apparatus,  or  other  accessories,  such  as  are  re- 
quired with  ammonia  and  carbonic  acid  machines  being  necessary. 
This  fact  obviously  enables  anhydrous  sulphuric  acid  machines  to  be 
very  much  simplified  in  construction,  and  renders  their  successful 
working  a  far  easier  matter  to  accomplish,  as  the  manipulation  of  the 
above  apparati  is  troublesome,  and  to  an  unskilled  attendant  presents 
many  serious  difficulties.  This  system  is  one,  therefore,  which  should 
most  undoubtedly  be  advantageous  for  small  machines  intended  for 
use  in  hotels,  creameries,  dairies,  and  in  private  houses,  and  by 
butchers,  fishmongers,  etc.,  and  in  other  places  where  the  machine  is 
left  to  the  care  of  a  comparatively  unskilled  person. 

A  very  small  and  remarkably  compact  belt-driven  anhydrous  sulphur 
dioxide  or  sulphurous  acid  machine,  designed  and  patented  by  Messrs. 
Douglas  and  Conroy,  and  manufactured  by  W.  Douglas  and  Sons, 
Limited,  Putney,  London,  S.W.,  is  shown  in  Figs.  59  to  62.  Instead  of 
the  compressor  being  mounted  vertically  upon  the  side  of  the  condenser, 
as  it  is  in  the  small  machine  pre\dously  described,  it  is,  it  will  be  seen, 
placed  horizontally  upon  the  top  of  the  condenser,  and  is  of  the  in- 
closed type,  consisting  of  two  single-acting  horizontal  cylinders,  ar- 
ranged in  line,  the  pLstons  being  operated  by  a  crank  working  in  a  box. 
The  arrangement  will  he  readily  understood  from  the  general  view  of 
the  apparatus  shown  in  Fig.  59,  upon  which  for  convenience  the  various 
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parts  are  marked,  and  from  the  various  other  views,  Fig.  60  being  a 
plan  of  the  compressor,  Fig.  61  a  vertical  section  on  the  line  a-b, 
Fig,  60,  and  Fig.  62  being  a  vertical  section  on  the  line  c-d,  Fig.  60. 

The  compressor  is  of  the  single-acting  duplex  inclosed  type  and 
consists  of  two  cylinders  arranged  in  the  same  line  axlally,  united  by  a 


central  casing  fonning  the  crank  chambn,  and  mounted  on  a  bracket 
on  one  side  of  the  uppw  part  of  the  condenser.  The  sides  of  the 
chamber  are  closed  by  gas-tight  covers  in  one  of  which  is  provided 
a  stuffing  box  and  gland  through  which  passes  the  crank-shaft.  The 
outer  portion  of  the  crank-shaft  is  supported  in  a  bearing  in  a  pedestal 
carried  upon  another  bracket  provided  upon  the  opposite  side  of  the 
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upper  part  of  the  condenser,  and  this  shaft  has  mounted  upon  its 
outer  end  the  fast  and  loose  driving  pulleys,  and  on  the  inner  end, 
within  the  central  crank  box  or  chamber,  a  disc  crank. 

The  two  pistons  wwking  in  the  pump  cylinders  are  rigidly  fastened 
together  by  means  of  a  rectangular  frame  or  plate  secured  between 
them  by  bolts.  The  result  of  this  arrangement  is  that  the  pistons 
act  as  a  continuous  guide,  being  entirely  free  from  lateral  thrusts,  and 
the  usual  guides  are  thus  dispensed  with,  thereby  considerably  simplify- 
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ing  the  construction.  The  pin  of  the  crank  disc  works  in  a  slot  pro- 
vided in  the  central  rectangular  frame  or  plate  connecting  the  pistons. 
This  admits  of  a  pause  at  the  end  of  each  stroke,  which  is  advan- 
tageous inasmuch  as  it  gives  the  valves  time  to  re-seat  themselves 
properly  before  the  commencement  of  the  return  stroke. 

Four  vdves  are  provided,  two  at  each  extremity  of  the  duplex-pump 
cylinders,  viz.,  one  for  compression  and  the  other  for  suction,  and 
each  pair  of  similar  valves  is  united  into  one  pipe  by  means  of  a 
tee  connecting   piece.     The  central  crank   box   or  chamber  is  kept 
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paxdally  full  of  oil,  so  that  the  working  parts  are  immersed  in  an  oil 
bath  and  have  the  most  perfect  lubrication. 

The  condenser  consists  of  a  cast-iron  tank  and  ser\'es  as  a  pedestal 
to  support  the  compressor.  In  this  tank  is  placed  a  coil  of  wrought 
iron  pipe  tested  to  a  pressure  of  500  lbs.  per  square  inch,  and  welded 


\l 


into  one  piece  without  joints,  in  which  coil  the  sulphurous  acid  gas 
is  hqtiefied  by  the  pressure  from  the  comjwessor  aided  by  the  cold 
water  circulating  in  the  tank. 

The  evaporator  or  refrigerator  consists  of  a  suitable  tank  having 
a  coil  submerged  in  brine,  and  when  the  machine  is  used  in  connection 
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with  a  cold  room  or  store  this  evaporator  tank  is  formed  of  galvanised 
iron  and  of  rectangular  shape,  and  is  placed  directly  in  the  room  or 
store  to  be  cooled. 

Amongst  other  firms  manufacturing  sulphurous  anhydride  compres- 


sion machines  mention  may  be  made  of  the  following: — A.  Borsig, 
Tegel,  bed  Berlin,  Germany;  The  Kaoul  Pictet  Company,  of  Paris; 
Delion  and  Lepen  of  Pr6  St.  Gervais,  Paris;  the  Soci6t6  Genevoise  de 
Construction  of  Geneva;  and  Thomas  Ths.  Sabroe  and  Co.,  Ltd., 
Aarhus,  Denmark. 
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Properties  of  Carbonic  Acid,  and  Carbonic  Acid  Machines. 

Carbon  dioxide,  or  as  it  is  commonly  called  carbonic  acid  (CO2), 
has  a  molecular  weight  of  44  and  a  density  of  22.  Carbon  dioxide  is 
invariably  formed  when  carbon  is  burned  in  an  excess  of  air  or  oxygen. 
The  best  method  of  preparation  is  by  acting  upon  marble,  chalk,  or 
other  form  of  calcium  carbonate  with  hydrochloric  or  muriatic  acid. 
Carbon  dioxide  occurs  free  in  air,  and  in  the  water  of  some  mineral 
springs,  the  quantity  of  the  gas  present  in  air  being  about  4  volumes 
per  10,000  volumes  of  air.  As  carbon  dioxide  is  evolved  in  respira- 
tion and  by  the  burning  of  coal-gas,  etc.,  it  is  always  present  in  larger 
quantities  in  dwelling  houses  than  in  the  open  air.  Carbon  dioxide 
gas  is  given  off  likewise  during  the  process  of  fermentation,  is  found  in 
the  bottom  of  old  wells,  and  constitutes  the  choke-damp  of  the  coal 
mines. 

The  advantages  to  be  gained  by  the  use  of  this  agent  or  medium 
are :  non-infiiammability,  high  specific  gravity,  thus  rendering  its  heat  of 
vaporisation  for  a  given  volume  much  higher  than  that  of  ammonia; 
and  non-corrosive  action  on  copper,  which  latter  quality  is  of  special 
advantage  in  marine  refrigerating  installations.  The  objections  to  its 
use  have  been  already  gone  into  in  a  previous  chapter. 

A  simple  and  at  the  same  time  effective  way  to  test  the  purity  of 
liquefied  carbonic  acid  is  to  solidify  it,  in  which  condition  the  slightest 
impurity  can  be  instantly  detected  by  smelling.  A  ready  method  of 
effecting  this  solidification  is  given  by  the  Carbonic  Acid  Gas  Com- 
pany, London,  as  follows :  "  Place  the  tube  on  a  box  or  chair  in  a 
horizontal  position,  tightly  fasten  a  small  linen  or  canvas  bag  (4  to  6 
inches  square)  over  the  nozzle  of  the  tube,  and  open  the  valve  fully. 
The  acid  will  then  stream  out  with  full  force,  become  solid  inside  the 
bag,  and  remain  in  that  state  for  hours,  evaporating  only  very  slowly, 
and  showing  a  temperature  of  about  200°  Fahr.  below  freezing  point.'* 

Carbon  dioxide  machines  have  already  been  dealt  with  on  pages  44 
to  47,  where  brief  descriptions  of  the  original  machines  of  Wind- 
hausen  and  Lowe  will  be  found.  As  will  be  found  there  mentioned  the 
Windhausen  machine  has  been  greatly  improved  by  J.  and  E. 
HalJ,  Ltd.,  of  Dartford,  Kent,  the  proprietors  of  the  original  patents, 
who  have  been  instrumental  in  introducing  this  system  all  over  the 
world. 

Figs.  63  to  69  illustrate  a  small  exceedingly  compact  and  well- 
designed  belt-driven  carbonic  anhydride  machine  made  by  the  above 
firm.     The  design  of  this  machine  is,  it  will  be  seen,  both  simple 
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and  compact,  ojid  as  the  use  of  this  agent  admits  of  a  very  smalt  size 
of  compressor  being  employed  relatively  to  the  work  performed,  the 
whole  machine  occupies  but  little  space.  The  general  arrangement  of 
the  machine  will  be  readily  understood  from  the  sectional  view,  Fig,  64, 


in  which  c  is  the  compressor  vertically  mounted,  as  shown,  on  the 
side  of  the  condenser  tank  or  casing  r,  the  latter  being  fitted  with  coil  e. 
n  is  the  evaporator  casing  fitted  with  an  evaporator  coil  /,  and  arranged 
in^de  the  condenser  r,  so  that  its  lower  part  is  surrounded  by  the  latter. 
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the  condenser  coils  e  occupying  the  annular  clearance  or  space  rouml 
the  evaporator,  and  the  evaporator  casing  «  forming  an  insulated  divi- 
sion between  the  condenser  casing  r  and  the  evaporator  coils  /.  o  is  the 
regulating  or  expansion  valve  or  cock,  and  g  and  p  are  respectively  the 
condenser  and  evaporator  gauges,     s  is  the  separator,  p  is  a  patent 


Fig.  64.— Belt -drive 


safety  valve,  O  is  a  patent  hollow  oil  gland  for  preventing  leakage 
taking  place  round  the  compressor  piston-rod.  c  0  is  the  connecting 
rod,  s  is  the  crank-shaft,  d  the  driving  pulley,  and  B  the  brine  circu- 
lating pump. 

It  will  be  seen  that  the  machine  consists  essentially  of  a  circular  or 
rectangular  cast-iron  tank  r  carrying  the  compressor  C,  inside  which  tank 
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are  the  condenser  coils  e,  and 
inside  these  again  is  a  double 
tank  n,  with  insulation  between 
and  the  evapwating  coils  i  in 
the  centre. 

The  compressor  cv Under  C, 
which  is  shown  in  vertical 
longitudinal  section  in  Fig.  65, 
and  in  transverse  or  cross  sec- 
tion looking  on  back  end  in 
Fig.  66,  is  cast  in  a  special 
hard  bronze  for  these  small- 
sized  machines,  by  which 
means  the  two  essentials  of 
soundness  and  hardness  are 
ensured,  and  the  suction  and 
delivery  valves  are  identical 
for  facilities  of  interchange. 
The  c<Mnpressor  piston-rod 
gland  o  is  kept  gas-tight  by 
means  of  two  cupped  leathers 
on  the  compressor-rod,  as 
clearly  shown  in  Fig,  65.  A 
special  m\  is  forced  into  the 
space  between  these  two  cup 
leathers  at  a  pressure  above 
the  greatest  pressure  liable  to 
occur  in  the  compressor,  so 
that  whatever  leakage  takes 
place  at  the  gland  is  a  leakage 
of  this  special  oil,  either  into 
the  compressor  cylinder,  or  out 
into  the  atmosphere,  and  there 
can  be  no  leakage  of  the  gas. 
What  slight  leakage  of  the 
special  tnl  takes  place  into  the 
compressor  cylinder  is  advan- 
tageous, inasmuch  as  it  serves 
— ^*  both  to  lubricate  ihe  comraes- 

Fie.   6s.-Be1t-driven    VerlicaL    Type   Hall      ^^^  ^^  ^^  gj,         ^,  „]„™n„„ 
Carbonic  Acid  Comptession  Machine.     Vertical  ir    ■        ,  oj --ta- 

Central  Section  (hrough  Cylinder.  If  the  gland  should  require 
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packing  and  no  cup  leatheis  be  available,  the  spiral  ring  shown  in 
Fig.  67  may  be  used  with  ordinary  packing  (see  chapter  on  "  Manage- 
ment," etc.). 

The  loss  of  oil  from  the  lubricator  due  to  leakages  is  replaced  by 


means  of  a  small  hand  pump,  a  few  strokes  of  which  will  be  required 

to  be  made  eveiy  four  or  five  hours  whilst  the  machine  is  at  work,  as 

may  be  indicated  by  the  position  of  the  piston-iod  of  the  hand  pump. 

The  oil  passing  into  the  cwijpressor  cylinder  serves  the  purpose,  as 


REFRIGERATION  AND  COLD  STORAGE. 


above  mentioned,  of  filling  up  the  clearance  spaces,  and  any  surplus 
above  what  is  required  for  this  purpose  will  be  discharged  with  the 
gas  through  the  delivery  vaJves.  In 
order  to  prevent  the  oil  discharged 
with  the  gas  from  passing  into  the 
condenser  coils,  all  the  gas  is  deli- 
vered into  the  separators  wherein  it 
is  made  to  impinge  against  the  sides 
of  the  vessel,  ajid  the  oil  adhering  to 
the  lattCT  drains  to  the  bottom,  and  is 
-  drawn  off  from  time  to  time  as  occa- 
sion may  require  whilst  the  cwn- 
pressed  gas  passes  off  by  an  opening 
at  the  top  on  its  way  to  the  cwidenser. 
In  the  suction  passage  is  fitted  a  suit- 
able copper  strainer  as  shown  in 
Fig.  68. 

The  condenser  consists  of  coils  e, 
of  wrought-iron  hydraulic  pipe,  usually 
of  13-16-inch  bore,  which  in  the  sub- 
merged or  immersed  type  employed 
in  the  present  example  are  placed  in 
the  tank  r,  and  surrounded  with  water. 
The  coils  are  electrically  wdded  to- 
gether into  such  lengths  as  to  avoid  the  presence  of  any  joints  inside 
the  tank  r. 

The  evaporator,  or  refrigerator  consists  of  an  insulated  tank  n, 
containing  nests  of  coils  /,  also  formed  of  long  lengths  of  electrically 
welded  wrought-iron  hydraulics  pipes  within  which  the  carbonic  an- 


il Type, 


Fig.  6;.-Bell-driven 
Hall      Carbonic     Acid 
Machine.      Vertical    Section   through 
Spiral  Packing  King. 


hydride  evaporates.  The  heat  required  for  evaporation  is  obtained 
from  the  brine  surrounding  the  pipes.  A  regulating  or  expansion  valve 
0  placed  between  the  condenser  coils  e  and  the  evaporator  coils  t  ad- 
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mits  of  the  quantity  of  liquid  carbonic  anhydride  passing  from  the 
condenser  being  suitably  regulated. 

To  enable  the  compressor  c  to  be  opened  up  for  examination  of  the 
valves  and  piston  without  loss  of  carbonic  anhydride,  stop  valves  are 
fitted  on  the  suction  and  delivery  sides,  by  means  of  which  the  carbonic 
anhydride  can  be  confined  to  the  condenser  and  evaporator. 

As  the  machine  might  be  again  started,  after  being  thus  shut  down, 
without  the  delivery  valve  being  opened,  which  would  lead  to  an  ex- 
cessive pressure  in  the  delivery  pipe,  owing  to  there  being  no  outlet 
from  the  latter,  and  probably  result  in  the  fracture  of  this  pipe,  a 
safety  valve  p  is  provided.  This  safety  valve,  which  is  shown  in  ver- 
tical central  section,  drawn  to  an  enlarged  scale,  in  Fig.  69, 
consists,  it  will  be  seen,  of  an  ordinary  spring  safety  valve, 
at  the  base  of  which  is  a  thin  copper  disc  a,  which  is  de- 
signed to  relie\'e  any  excessive  pressure,  considerably  below 
that  to  which  the  machines  are  tested.  The  disc  is  made 
perfectly  gas-tight,  an  object  which  it  would  not  be  pos- 
sible to  obtain  by  means  of  the  spring  safety  valve  alone, 
and  this  latter  only  comes  into  action  upon  the  ruptiu'e  of 
the  copper  disc  a. 

Great  care  has  necessarily  to  be  exercised  in  making 
these  copper  discs,  so  as  to  guard  against  variations  in 
B  h^  d  strength,  due  to  any  differences  either  in  the  thickness  or 

Vertical   hardness  of  the  copper  sheets  out  of  which  the  discs  are 
Type     Hall   made. 

About  ij4  brake  horse-p>ower  is  required  to  drive  this 
smallest  size  self-contained  veritcal  type  of  machine. 

This  vertical  type  of  combined  compressor,  condenser, 
and  evaporator,  is  also  made  with  a  horizontal  steam  engine 
attached  at  one  side  of  the  main  casting,  and  driving  on  to 
the  end  of  the  crank-shaft. 
A  horizontal  single  cylinder  double-acting  Hall  carbonic  anhydride 
steam-driven  compressor,  tandem  pattern,  is  shown  in  Fig.  70.  This 
type  of  compressor  is  usually  arranged  with  compound  steam  cylinders 
placed  tandem-wise,  and  dri\'ing  by  means  of  a  tail-rod  the  carbonic 
anhydride  compressor.  In  this  arrangement  the  tanks  containing  the 
condenser  and  evaporator  are  separate  from  the  machine,  and  can  be 
placed  in  any  desired  position  with  regard  to  the  compressor. 

Fig.  71  illustrates  a  horizontal  duplex  Hall  carbonic  anhydride 
machine,  fitted  with  compound  steam  cylinders  arranged  side  by  side, 
and  with  a  surface  or  jet  steam  condenser  located  in  the  front  part  of 
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the  machine  The  two  compressors  are,  it  will  be  seen,  driven  by  tail- 
rods  from  the  steam  cylinders,  and  the  cranks  of  the  latter  are  placed 
at  right  angles  to  each  other,  ther^y  ensuring  an  even  turning  move- 
ment. 

Each  compressor  cylinder  is  arranged  to  deliver  the  compressed 
carbonic  acid  or  carbonic  anhydride  into  an  independent  cMidenser 
consisting  of  coils  of  pipe,  in  which  the  compressed  carbonic  anhydride 
is  condensed  into  a  liquid  form  by  the  cooling  water  circulating  round 
the  pipes,  the  coils  of  pipes  being  contained  in  a  steel  casing  through 
which  the  water  is  circulated.  A  separate  evaporator  or  refrigerator  is 
provided  in  connection  with  each  of  the  above-mentioned  condensers, 


Fig.  70. — HoiizoDtal  Type  of  Steam-driven  Hall  Carbonic  Add  Compressor. 

this  evaporator  consisting  of  coils  of  pipes,  in  which  the  liquid  car- 
bonic anhydride  evaporates,  and  during  this  process  cools  the  brine 
surrounding  these  coils. 

Fig.  72  illustrates  a  steam-driven  vertical  carbonic  anhydride 
machine,  built  by  H.  J,  West  and  Co.,  Limited,  London.  This  type 
of  machine  is  made  in  various  sizes,  from  No.  i  machine  of  3  cwts.  ice- 
making  capacity  per  24  hours,  up  to  the  No.  8  machine  of  1.  tons  ice- 
making  capacity  per  2\  hours,  the  smaller  sizes  being  belt-driven. 
The  amount  of  condensing  water  at  55°  Fahr.  required  for  the  smaller 
size  is  48  gallons  per  hour,  and  that  Tot  the  larger  400  gallons  per  hour. 

The  arrangement  of  this  type  of  vertical  compressor  is  very  neat 
and  compact.     A  rigid  girder-shaped  vertical  cast-iron  frame  carries 
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the  compressor  and  motion  work,  and  the  perfect  alignment  of  the 
piston-rod  and  cross-head  is  secured  by  boring  the  pump  seat  and 
guide  channel  in  one  operation.  The  condenser,  which  is  of  the  sub- 
merged type,  is  placed  behind  the  compressor,  and  is  coupled  directly 
to  it  by  an  extension  of  the  wroughtiron  coil  without  any  intermediate 
pipes  or  joints. 

These  small  machines  have  compressor  cylinders  cast  from  a  special 
bronze  alloy,  combining  the  requisite  strength  and  soundness,  and 


Kig.  71. — Horizontal  Type  of  Duple*  Sleam-drivcn  Hall  Carbonic  Acid  Compressor. 

finishing  to  a  perfectly  hard,  smooth  surface  for  the  piston-rings  to 
work  on. 

The  construction  of  the  compressor  will  be  readily  understood  from 
the  vertical  central  section  shown  in  Fig.  73.  The  suction  and  delivery 
valves  are  made  exactly  alike,  and  of  the  same  size  for  the  purpose  of 
interchangeability,  so  that  one  spare  valve  will  replace  mther.  The 
valve,  which  is  shown  in  central  section,  drawn  to  a  greatly  enlarged 
scale  in  Fig.  74,  is  ma^Je  of  tempered  sleel,  and  beats  upon  a  hard 
phosphor  bronze  seat,  forming  a  perfectly  gas-tight  joint  when  closed. 
Another  point  is  that  the  wdght  of  the  valve  is  reduced  to  a  minimum, 
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and  the  lift  is  unJer  one-eighth  of  an  inch,  so  that  it  has  no  tendency  to 


n  West  Carbonic  Add  Compression 

hammer  itself  to  pieces.     The  method  of  forming  a  gas-tight  joint 
round  the  piston-rod  is  shown  in  Fig  71,  and  is,  it  will  be  seen,  prac- 


THE  COMPRESSION  PROCESS  OR  SrSTEAf.       119 

tically  similar  to  that  employed  in  Messrs.  Hall's  carbonic  acid  com- 
|)ressor.  Two  capped  hydraulic  ram  leathers  are  placed  face  to  face 
upon  the  rod  about  three  inches  apart,  the  space  between  them  being 
filled  with  oil,  which  is  fed  in  from  the  small  lubricator  shown  on  the 
left-hand  side  of  the  illustration.     The  oil  bath  which  surrounds  the 


rod  both  effectively  stops  all  leakage  of  gas,  and,  at  the  same  time, 
serves  to  lubricate  the  piston-rod  and  cyhnder,  and  to  lill  up  the 
clearance  spaces.  The  surplus  oil  passing  through  the  compressor  is 
(rapped  in  an  oil  separator,  from  which  it  can  be  removed  as  desired. 

A  dead  weight  safety  valve  is  fitted  to  all  these  compressors,  excejit 
the  very  smallest  size,  and  is  set  to  blow-off  a  little  above  the  highest 
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worlcing  pressure  of  the  machine.  The  design  and  construction  of  this 
little  machine  is  good,  the  bearings  have  liberal  wearing  surfaces,  and 
are  adjustable,  thus  reducing  wear  and  tear  to  a  minimum,  and  tending 
to  prevent  any  noise  when  running.  Special  attendon  is  paid  to  the 
lubiication  of  the  working  parts,  every  bearing  and  working  surface  is 
provided  with  an  automatic  lubricator,  which  feeds  just  sufficient  oil 
to  maintain  the  surfaces  in  proper  working  condition,  and  no  more,  thus 


preventing,  or  greatly  reducing  dirt,  waste,  and  the  tendency  to  hot 
bearings. 

A  standard  pattern  of  belt-driven  horizontal  carbonic  anhydride 
compressor  is  also  made  by  the  same  firm.  The  steam-driven  horizontal 
compressor  is  arranged  tandem-wise  to  the  steam  engine  cylinder,  and 
the  compressor  piston-rod  is  coupled  to  a  tail-rod  on  the  steam  piston. 
Steam-driven  horizontal  compressors  are  also  made  of  the  duplex  type, 
coupled  direct  to  compound  or  triple  expansion  condensing  steam 
engines,  and  so  arranged  that  one  half  the  plant,  consisting  of  com- 
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pressor,  condenser,   and   evaporator,   may  be  disconnected  for  over- 
hauling or  repairs,  whilst  the  other  half  continues  in  operation. 

Machines  of  six  tons  ice^making  capacity  and  over  are  fitted  with 
compressors  bored  out  of  a  solid  steel  forging,  by  which  both  soundness 


and  strength  of  material  is  secured,  and  furthermore,  a  hard,  smooth, 
glassy  surface  for  the  piston-rings  and  cup  leathers  to  work  upon. 

Kroeschell  Bros.  Ice  Making  Company,  of  Chicago,  lU.,  U.S., 
manufacture  carbonic  anhydride  machines  of  both  vertical  and  hori- 
zontal patterns,  the  former  being  that  used  for  the  smaller  sizes  of 
machines,  and  the  latter  for  the  larger  ones. 
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Fig.  75  shows  a  front  view  of  a  smadl  vertical  belt-driven  machine  of 
J^-ton  ice-making  capacity  per  24  hours,  and  requiring  i  horse-power  for 
driving  purp>oses.  This  type  of  machine  is  made  in  seven  different  sizes, 
the  smallest  being  the  above,  and  the  largest  having  an  ice-making 
capacity  of  3  tons  per  24  hours,  and  requiring  12  horse-power.  Two 
vertical  single-acting  compressors  are  located  inside  the  cast-iron  con- 
denser tank,  which  latter  is  mounted  upon  a  frame  consisting  of  a  box 
casting  carrying  the  crank-shaft  and  guides.  The  compressor  cylinders 
are  made  of  semi-steel,  which  secures  the  two  essentials  of  soundness 
and  hardness,  and  the  piston-rods  are  provided  with  a  patent  stuffing 
box  sealed  with  glycerine.  This  device  consists  of  cupped  leathers  on 
the  compressor  rod,  into  the  spaces  or  chambers  between  which 
glycerine  is  forced  at  a  pressure  superior  to  the  suction  pressure  in  the 
compressor,  so  that  any  leakage  at  the  stuffing  box  is  a  leakage  of 
glycerine,  either  into  the  compressor  cylinder  or  out  into  the  atmos- 
phere, and  not  a  leakage  of  gas. 

Obviously  the  leakage  of  glycerine  into  the  compressor  cylinder 
is  an  advantage,  as  it  both  serves  to  lubricate  the  piston  and  also  to  fill 
up  all  clearances.  The  glycerine  is  forced  intb  the  chambers  by 
means  of  a  hand-pump,  a  few  strokes  of  which  are  required  to  be 
made  every  four  or  five  hours.  Each  cylinder  has  a  suction  and  dis- 
charge valve,  all  of  which  are  located  at  the  top  of  a  joint  or  common 
cylinder  head,  thus  rendering  them  easily  accessible.  The  valves  are 
made  of  forged  steel,  and  are  so  designed  as  to  combine  strength  with 
lightness.  On  one  side  of  the  cylinder  head  is  provided  a  filling 
valve,  which  can  be  easily  connected  by  means  of  a  short  pipe  with  the 
ordinary  drum  of  carbonic  anhydride  now  in  conmion  use.  Stop  valves 
are  provided  in  the  suction  pipe  as  well  as  the  condenser  coil,  so  that 
the  suction  and  discharge  valves  in  the  condenser  coil  can  be  examined 
without  loss  of  gas. 

The  condenser  consists  of  a  spiral  coil  made  of  extra  strong  iron 
pipe,  surrounding  the  compressor,  and  is  connected  at  one  end  with  the 
discharge  side  of  the  latter,  and  at  the  other  end  with  a  combined 
separator  and  liquid  receiver,  placed  at  the  back  of  the  frame. 

The  crank-shaft  bearings  are  formed  in  the  cast-iron  frame  support- 
ing the  condenser  tank,  and  the  double-throw  crank-shaft  actuates  the 
compressor  pistons  by  means  of  strong  yokes,  having  guides  at  the 
lower  side,  thus  enabling  the  long  connections,  such  as  connecting-rods 
and  cross-heads,  which  would  be  otherwise  necessary,  to  be  dispensed 
with.  The  double-throw  crank-shaft  is  made  of  forged  steel,  and  is 
extended  or  overhanging  at  one  side  of  the  frame,  so  as  to  receive 
the  fast  and  loose  driving  pulleys. 
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The  receiver  consists  of  a  strong  wrought-iron  cylinder,  with  ^ 
stop  valve  located  at  the  top,  and  a  blow-off  cock  at  the  bottom,  the 
latter  admitting  of  the  gylceiine  carried  over  from  the  cylinder  being 
drawn  off.  A  gauge  mounted  upon  a  three-way  valve,  by  means  of 
which  it  can  be  caused  to  communicate  either  with  the  compressing, 
or  with  the  suction  side  of  the  machine,  is  provided  on  the  top  of  the 
condenser  tank. 

On  the  opposite  side  of  the  machine  to  the  driving  pulleys  is  pro- 
vided, as  will  be  seen  in  the  drawing,  a  small  hand-pump,  by  the  opera- 
tion of  which  the  cylinders  can  be  lubricated.  A  safety  valve  is  also 
provided  to  guard  against  possible  accident  through  neglect  or  igno- 
rance on  the  part  of  the  attendant. 

The  larger  sizes  of  vertical  combined  compressors  and  condensers 
are  identical  in  design  with  the  exception  that  they  are  fitted  with 
connecting  rods  and  cross-heads  instead  of  yokes,  and  these  cross- 
heads  and  connecting-rods,  as  also  the  main  bearings  and  the  double- 
throw  crank-shaft,  are  all  of  extra  strength,  and  have  large  wearing 
surfaces,  and  every  provision  is  made  in  them,  as  in  the  smaller 
machine,  for  meeting  any  excess  of  regular  duty.  All  the  machines 
are  fitted  with  an  automatic  lubricating  device.  The  machines  are 
also  built  direct  coupled  with  a  vertical  steam  engine,  or  geared  to  an 
electric  motor. 

The  larger  sizss  of  carbonic  anhydride  machines  constructed  by 
the  firm  are,  as  before  intimated,  of  the  horizontal  pattern,  and  their 
standard  sizes  run  from  2  tons  ice-making  capacity  per  24  hours  up  to 
50  tons  ice-making  capacity  per  24  hours,  requiring  respectively  8 
horse-power  and  120  horse-power  for  driving  purposes. 

Fig.  76  shows  a  standard  pattern  of  belt-driven  Kroeschell  horizon- 
tal double-acting  compressor.  The  compressor  cylinder  is  provided 
with  a  jacket  through  which  the  return  gas  passes,  which  arrangement 
it  is  claimed  both  imparts  greater  strength  to  the  cylinder,  and  also 
keeps  it  perfectly  cool.  The  piston-rods,  connecting-rods,  cranks,  pins, 
and  valves  are  made  of  forged  steel,  and  the  latter  are  made  identical 
for  facilities  of  interchange. 

Leakage  round  the  compressor  piston-rod  is  prevented  by  an  ar- 
rangement similar  to  that  used  on  the  small  vertical  type  of  machine, 
but  instead  of  the  hand  pump,  a  belt-driven  pump  operating  con- 
tinuously is  provided  for  replacing  the  glycerine  which  leaks  out  of  the 
stuffing  box. 

"Any  glycerine  which  passes  into  the  compressor  beyond  what  is 
necessary  to  fill  the  clearance  spaces  is  discharged  with  the  gas  through 
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the  delivery  valves.  This  glycerine  is  prevented  from  going  into  the 
system  by  a  separator  in  which  the  glycerine  drains  to  the  bottom,  and 
can  be  drawn  off  from  time  to  time.  As  glycerine  has  no  affinity  for 
carbonic  acid,  and  consequently  undergoes  no  change  in  the  machine, 
there  is  no  chance  of  the  condenser  coiis  becoming  clogged. 

The  condenser  consists  of  coils  of  wrought-iron  extra  heavy  pipes 
so  welded  as  to  avoid  any  joints  in  the  tank,  and  arranged  either  on 
the  submerged  or  on  the  atmospheric  ot  evaporative  principle.  The 
evaporator  also  consists  of  similar  coils  of  pipes,  a  regulating  or  ex- 


Fig.  76. — Horizontnl  Type  Belt-driveo  Kroescliell  Carbonic  Add  Compressor. 

pansion  valve  being  prorided  between  it  and  the  condenser.  The 
safety-valve  consists  of  a  housing  at  the  base  of  which  is  a  thin  disc, 
calculated  to  blow  off  at  a  pressure  considerably  below  that  to  which 
the  machines  are  tested.  The  joints  have  all  special  flange  unions,  and 
brass  bushings,  and  are  made  absolutely  gas-tight  with  packing  rings 
of  vulcanised  fibre  which,  whilst  withstanding  heat,  have  also  sufficient 
elasticity  to  ensure  the  tightness  of  the  joint  when  either  hot  or  c(Jd. 

The  firm  also  make  belt  or  rope-driven  horizontal  double-acting 
double  compressors  arranged  tandem-wise  or  in  line,  and  driven  from  a 
crank  on  a  central  crank-shaft.  These  machines  are  suitable  for  large 
installations. 
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A  carbonic  acid  machine  made  by  the  Cochran  Company,  Lorain, 
Ohio,  United  States,  is  of  the  belt-driven  vertical  pattem,  and  the 
compressor  cylinder  is  mounted  upon  a  box-shaped  or  hoHow  bed-plate 
in  which  is  placed  the  condenser,  thus  f(»ining  a  very  compact  and  neat 
arrangement,  and  lending  itself  to  transport. 

A  modem  design  of  machine  by  this  ccanpany  has  the  hollow  or 
box  pattern  bed-plate  extended,  and  is  driven  by  a  motor  mounted 
upon  the  latter. 

A  compact  and  well-designed  horizontal  type  of  carbonic  acid 
compreftscff  is  made  by  the  Atlas  Company,  Limited,  Copenhagen, 
which  firm  manufacture  the  refrigerating  machinery  under  the  Schou 
patmts,  originally  made  by  the  Tuxen  and  Hammerich  Company. 

Fig,  76"  shows  a  pattem  of  refrigerator  or  evaporator  patented  by 
H,  H.  Schou,  wlucb  is  divided  into  two  or  more  sections,  connected 
so  that  the  cross  area  of  a  section  will  be  suited  to  the  state  and  feed 
of  the  cooling  medium  therdn.  These  sq>arate  coils  are  either  of 
equal  or  different  lengths,  and  may  be  arranged  in  several  ways.  In 
the  fcom  shown  in  the  drawing  the  liquefied  agent  enters  the  coil 
marked  /,  and  as  it  evaporates  passes  through  the 
cou|^g  h,  ccttls  d,  e,  coupling  i,  and  coils  a,  b,  c,  from 
which  the  gas  is  removed  by  the  {Hpe  g. 

A  recent  design  of  carbonic  acid  machine  built  by 
Mollet,  Fontaine  et  Cie,  of  Lill^  France,  cixmsts  of  a 
single-acting  compHressor  direct-driven  by  a  horizontal 
steam  engine     The  arrangement  for  forming  a  gas- 
tight  joint  round  the  compressor  jMston-rod  coa^>rises        p-     -g»_ 
a  stuffing  bc»c  having  three  compartments,  the  t:wo  outer     Schon's    Fa- 
OTies  bring  filled  with  glycerine^  a  small  portion  of  which     '""'  Refi^n- 
is  drawn  in  by  the  rod  into  the  inner  box  ot  compart-     porator. 
ment  to  act  as  a  lubricant     One  of  these  com[xessors 
was  extubited  at  the  late  Paris  Exhibition  in  the  French  brewery 
section. 

Another  carbonic  acid  machine  shown  at  the  above  Exhibition 
was  one  built  by  Escher,  Wyss  et  Cie,  Switzerland.  This  machine  com- 
prises a  single  compressor  cylinder  fitted  with  cast-steel  valves  on 
phosfdior  bronze  seats,  and  driven  direct  hy  a  horizontal  50  horse- 
power steam  engine.  The  capacity  of  the  machine  is  iz  tons  of  ice 
per  24  hours. 

Thomas  Ths.  Sabroe  and  Co.,  Ltd.,  Aarhus,  Denmark,  are  manu- 
facturers of  a  vertical  type  of  carbonic  anhydride  machine,  which  has 
the  foundation  plate  of  the  compressor  and  the  condenser  cast  in  one 
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piece,  and  all  the  parts  made  interchangeable.  The  general  arrange- 
ment of  the  apparatus  resembles  that  of  Hall's  vertical  pattern  machine. 
Carbonic  acid  machines  are  also  made  by  Wegelin  and  Hiibner, 
Act.-Ges.,  Halle  on  Saale;  D.  Stewart  and  Co.,  Ltd.,  Glasgow; 
Haslam,  Ltd.,  Derby,  and  others,  whose  machines  the  space  at  our 
disposal  does  not  permit  us  to  undertake  to  describe  here. 


CHAPTER  VIII. 

CONDENSERS    AND    WATER-COOLING   AND 

SAVING  APPARATUS. 

Submerged  Condensers. — Amount  of  Condenser  Surface  Required. — Amount  of 
Cooling  Water  Required. — Atmospheric  or  Open- Air  Evaporative  Surface  Con- 
densers.— Amount  of  Condenser  Surface  Required. — Amount  of  Cooling  Water 
Required. — Supplementary  Condensers  or  Forecoolers.  —  Double-Pipe  Con- 
densers.— Hendrick's  Condenser. — Water-Cooling  and  Saving  Apparatus. — 
Water  Towers.  * 

As  has  been  already  mentioned  in  the  fifth  chapter,  one  of  the  three 
essential  parts  of  any  compression  machine  is  the  condenser,  the  func- 
tion of  which  is  to  supplement  the  action  of  the  compressor  or  pump. 
The  condensers  in  most  general  use  may  be  classified  under  two 
main  heads,  the  submerged  type  of  condenser  and  the  atmospheric 
or  open-air  evaporative  surface  type  of  condenser,  the  first  having 
always  some  arrangement  of  coils  immersed  or  submerged  in  a  tank 
of  cooling  water,  and  the  second  invariably  consisting  of  coils  of  pipe 
or  tube  exposed  to  the  air,  with  water  trickling  over  them. 

Submerged  Condensers. 

The  submerged  type  of  condenser  is  the  only  one  applicable  in 
some  cases,  as  for  instance  in  marine  installations ;  it  has,  besides,  certain 
specific  advantages  which  will  be  next  treated  of,  but  it  may  be  pre- 
mised that  it  consumes  a  large  amount  of  cooling  water,  which,  where 
water  has  to  be  paid  for  at  a  high  figure,  may  amount  to  a  serious 
item  in  the  working  expenses.  The  system,  however,  admits  of  the 
condenser  being  located  in  any  part  of  the  building,  or  in  the  open  air, 
as  may  be  desired,  occupies  comparatively  little  space,  allows  the 
cooling  water  to  be  admitted  to  the  condenser  at  the  bottom  near  the 
exit  for  the  condensed  gas,  so  that  the  water  gradually  rises  as  it 
becomes  warmer,  until  it  is  discharged  at  the  top,  whilst  the  warm 
gas  entering  the  condenser  at  the  top-header,  flows  downward  through 
the  coils,  and  parting  with  its  sensible  and  latent  heat  to  the  cooling 
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water  becomes  liquid  and  drains  away  to  the  bottom-header.  And, 
finally,  the  submerged  pipes  in  a  condenser  of  this  description  remain 
clean,  and  therefore  in  an  efficient  condition,  much  longer  than  they 
do  when  exposed. 

To  secure  the  utmost  efficiency  of  a  condenser  of  the  submerged 
type  it  is  absolutely  necessary  that  the  cooling  water  should  be  kept 
in  a  state  of  agitation  by  some  suitable  means  so  as  to  prevent  the 
formation  and  collection  of  a  film  oi  warm  water  round  the  pipes. 

Several  condensers  of  the  submerged  type  have  been  already  illus- 
trated, and  briefly  described,  in  connection  with  various  compression 
machines,  in   previous  chapters. 

Fig.  77  shows  in  vertical  central  section  a  patent  condenser  of  the 
submerged  type,  invented  by  Mr.  Leuig  Chew,  and  manufactured  by 
Messrs.  H.  J.  West  and  Co.,  Limited,  London. 

The  construction  of  this  apparatus  is  almost  sufficiently  obvious 
frcHn  the  drawing,  and  but  little  explanation  is  needed.  A  special 
feature  is  the  automatic  device  for  breaking  up  the  above-mentioned 
film  of  warm  water,  and  dispersing  the  air  bubbles,  thus  bringing  the 
cold  water  into  intimate  contact  with  the  surfaces  of  the  pipes,  and 
promoting  the  most  complete  interchange  of  heat.  This  device  con- 
sists of  a  revolving  agitator,  fitted  with  helical  blades,  which  is  slowly 
and  automatically  rotated  by  a  small  tuibine  fixed  on  the  top  of  the 
condenser,  and  operated  by  the  same  water  which  is  afterwards  used 
to  circulate  through  the  condenser  for  cooling  purposes.  This  ar- 
rangement oflFers  the  obvibus  advantage  of  saving  the  expenditure  re- 
quired for  driving  the  agitator,  as  well  as  enabling  the  more  or  less 
complex  arrangement  of  toothed  gearing  and  belt  pulleys,  used  when  it 
is  driven  in  that  manner,  to  be  dispensed  with. 

Compound  submerged  condensers  are  also  constructed  by  some 
makers.  In  one  arrangement  of  this  description  the  hot  gas  from  the 
compressor  is  first  passed  into  a  primary  condenser,  consisting  of  a 
single  coil  of  pipe  submerged  in  a  tank,  the  gas  and  liquid  leaving  this 
coil  at  the  bottom  is  passed  on  to  a  secondary  condenser,  and  is  there 
delivered  by  a  distributing  head,  or  manifold  inlet,  to  the  tops  of  three 
coils  submerged  in  a  second  tank  located  above  the  first  one.  The 
cooling  water  is  admitted  to  the  bottom  of  the  upper  or  secondary 
condenser  tank,  and  is  taken  from  the  top  of  the  latter  to  the  bottom 
of  the  lower  or  primary  condenser  tank,  and  finally  runs  ofif  by  an  over- 
flow at  the  top  of  the  latter. 

In  a  better  arrangement  than  the  above  the  single  coil  primary  con- 
denser, to  which  the  hot  gas  from  the  compressor  is  first  delivered,  is 
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located  on  the  top,  and  the  secondaxy  condenser  with  three  coils,  to 


Fig-  77— Chew's  Patent  Subme^ed  Type  Condenser.    Vertical  Central  Section. 

which  the  gas  and  liquid  is  next  passed,  is  placed  below  or  underneath 
the  former.    The  cooling  water  is,  in  this  airangenient,  delivered  simul- 
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taneously  to  the  bottoms  of  both  condensers,  and  is  finally  run  off  in  a 
like  manner  at  the  tops  thereof. 

A  type  of  condenser,  patented  by  Mr.  T.  B.  Lightfoot  in  1885,  consists 
of  coils  or  zig-zag  pipes,  arranged  with  one  or  more  zig-zag  passages 
between  them,  formed  in  a  tank  or  vessel,  the  arrangement  being  such 
that  the  water  or  refrigerating  medium  enters  the  coils  or  zig-zag  pipes 
at  the  bottom,  the  vapour  being  drawn  off  by  a  pump  at  the  top,  whilst 
the  fluid  to.be  cooled  enters  the  tank  or  vessel  at  the  top  of  the  tank, 
and  after  travelling  along  the  whole  length  of  each  coil  or  zig-zag,  is 
drawn  off  at  the  bottom. 

The  coils  of  pipe  in  a  submerged  condenser  usually  consist  of 
I  J^-inch  to  2-inch  pipe  in  one  or  more  sections,  preferably  a  number 
connected  by  manifold  inlets  and  outlets,  so  that  one  or  more  of  the 
sections  may  be  shut  off  for  repairs,  etc.  In  some  constructions  the 
pipe  at  the  vapour  inlet  end  is  of  larger  dimensions,  and  arranged  to 
taper  down  to  the  outlet  end,  the  agent  being  there  partially  liquefied, 
and  occupying  less  space. 

The  amount  of  condenser  siuface  to  be  employed  is  best  deter- 
mined by  practice.  According  to  Professor  Siebel  it  has  been  found 
that  for  average  conditions  (incoming  condenser  water  70°  and  out- 
going condenser  water  80°,  more  or  less)  for  each  ton  of  refrigerating 
capacity  (or  for  J^-ton  ice-making  capacity),  it  will  take  40 
square  feet  of  condenser  surface,  which  corresponds  to  64  running 
feet  of  2-inch  pipe,  or  to  90  running  feet  of  i^-inch  pipe. 
Frequently  20  square  feet  of  condenser  surface,  and  even  less,  are 
allowed  per  ton  of  refrigeration  (double  that  for  actual  ice-making 
capacity),  but  this  necessitates  higher  condenser  pressure,  etc.,  and  is 
deemed  poor  economy  by  many  engineers. 

The  Triumph  Ice  Machine  Company  give  for  their  ammonia  con- 
densers about  120  feet  of  ij^-inch  pipe,  or  70  feet  of  2-inch  pipe  per 
ton.  They  also  recommend  at  least  20  inches  clearance  space  between 
the  coils  to  admit  of  easy  access  to  all  parts;  that  the  condenser  should 
never  exceed  20  feet  in  length;  and  that  it  should  never  be  above 
16  pipes  high. 

According  to  Professor  Siebel*  again  the  number  of  square  feet  of 
cooling  surface  f,  required  in  a  submerged  condenser,  may  be  ap- 
proximately calculated  after  the  formula — 

♦  **Coinpend  of  Mechanical  Refrigeration,"  H.  S.  Rich  &  Co.,  Chicago,  1899. 
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in  which  h  is  the  heat  of  vaporisation  of  one  pound  of  ammonia  at  the 
temperature  of  the  condenser,  k  the  araoimt  of  ammonia  passing  the 
compressor  per  minute,  and  m  the  number  of  units  of  heat  transferred 
per  minute  per  square  foot  of  surface  of  iron  pipe,  having  saturated 
ammonia  vapour  inside,  and  water  outside,  t  represents  the  tempera- 
ture of  the  ammonia  in  the  coils,  and  /^  that  of  the  cooling  water 
outside  of  the  coils,  i.^.,  mean  temperature  of  the  inflowing  and  outflow- 
ing cooling  water.  Taking  the  figures  already  given  as  a  guide,  the 
factor  m  is  equal  0*5,  so  that  the  formula  reads : — 


F  =  0-5  \t  -  A)  '*1""^  *■"*• 


Tlus  formula,  like  others  which  have  been  given  on  this  subject,  is, 
it  must  be  understood,  an  empirical  or  experimental  one. 

Referring  to  amount  of  cooling  water  required,  the  same  authority 
observes  that  the  heat  which  is  transferred  to  the  ammonia  whilst  pro- 
ducing the  refrigeration,  and  also  the  heat  equivalent  to  the  work  done 
upon  the  ammonia  by  the  compressor  (superheating  being  prevented), 
must  be  carried  away  by  the  cooling  water,  expressed  in  thermal  units ; 
and  speaking  theoretically,  the  sum  of  these  two  heat  effects  is  equal 
to  the  heat  of  vaporisation  of  the  ammonia  at  the  temperature  of  the 
condenser.  On  the  basis  of  this  consideration,  the  amount  of  cooling 
water  a,  in  pounds  required  per  hour,  may  be  expressed  by  the  for- 
mula— 

h.  k  y.  60  - 

Ai  =  — -z —  pounds. 


or  in  gallons  after  division  by  8*33,  the  signs  having  the  same  signi- 
ficance as  in  the  foregoing  formulas,  with  the  exception  of  /,  which  re- 
presents the  actual  temperature  of  the  outgoing,  and  /j,  which  repre- 
sents the  actual  temperature  of  the  incoming  cooling  water.  Prac- 
tically the  amount  of  water  used  varies  all  the  way  from  three  to  seven 
gallons  per  minute  per  ton  ice-making  capacity  in  24  hours. 

The  following  table,  compiled  by  Mr.  Eugene  T.  Skinkle^  gives  the 
dimensions  of  submerged  condensers  of  some  plants  in  actual  operation 
in  the  United  States  : — ^ 
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DrMENSIONS    OF    SUBMBROBD    CONDBKSERS. 
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Atmospheric  or  Open-air  Evaporative  Surface  Condensers. 

In  this  class  of  condenser  the  lines  of  pipes  or  tubes  through  which 
the  agent  passes  are  so  located  as  to  be  exposed  to  more  or  less  con- 
stant currents  of  air,  and  generally  in  addition  to  the  latter,  cooling 
water  is  caused  to  trickle  over  the  pipes.  The  vaporised  agent  should 
preferably  be  passed  in  this  arrangement  in  an  opposite  direction  to  the 
cooling  water.  That  is  to  say,  it  should  be  admitted  at  the  bottom  of 
the  condenser,  and  in  this  case  the  liquid,  as  fast  as  it  is  formed,  passes 
off  to  the  side  into  a  vertically-placed  manifold.  By  this  means  the 
warm  gas  entering  the  condenser  meets  the  warmer  water,  and  the  gas 
as  it  ascends  in  the  condenser,  constantly  meets  colder  water,  until  its 
temperature  is  nearly  reduced  to  that  of  the  water  when  it  first  comes  in 
contact  with  the  condenser  pipes,  liquefaction  then  taking  place. 

Atmospherical  condensers  which  are  said  to  give  excellent  results 
are  also  formed  of  vertical  sections  of  pipe,  the  compressed  vapour 
being  delivered  to  each  section  at  the  top  from  a  common  manifold  or 
distributing  head,  and  discharging  the  liquid  at  the  bottom  into  another 
common  manifold  or  distributing  head,  which  latter  is  connected  with 
the  liquid  receiver. 

The  ordinary  form  of  atmospheric  condenser  is  of  very  simple  con- 
struction, and  consists  essentially  of  a  stack  of  tubes  placed  in  lines, 
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with  return  bends  and  heads,  and  some  wat«'-distributing  airangemeDt. 
Fig.  78  is  a  diagram  showing  a  simple  plan  for  distributing  the  water, 
which  is  self  explanatory.  It  will  be  noted  that  the  cooling  water 
should  pass  through  an  exactly  contrary  sequence  to  that  undergone 
by  the  compressed  vapour,  viz.,  during  its  downward  course  it  should 
constantly  meet  wanner  gas  or  vapour,  and  consequently  be  gradually 
increased  in  temperature  until  It  finally  leaves  the  condenser  by  the 
trough  shown  at  the  bottom.  By  means  of  this  gradual  extraction  of 
heat  the  difference  between  the  initial  and  final  temperature  of  the 
water  will  be  greater  than  could  be  obtained  were  the  gas  and  the 
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water  to  flow  in  the  same  direction.  In  the  De  La  Vergne,  Eclipse, 
and  other  standard  American  condensers,  the  gas  enters  at  the  bottom, 
whilst  the  cooling  water  is  applied  at  the  top. 

In  Fig.  79  is  a  diagram  showing  a  common  arrangement  for  the  dis- 
tribution of  water,  r  indicating  the  water  trough  in  transverse  section, 
and  s  the  condenser  tubes  through  which  the  hot  gas  or  vapour  passes. 
This  arrangement,  it  will  be  seen,  results  in  the  water  spattering  to  such 
an  extent  that  partitions  have  to  be  provided  between  and  at  the  ends 
of  the  series  of  vertical  coils.  Fig.  80  shows  diagrammatic  ally  a  very 
simple  ^an,  given  in  an  American  journal,  for  avoiding  this  objectron- 
able  spattering,  which  consists  of  a  strip  of  metal  or  fin,  T,  wWch  is 
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attached  to  the  underside  of  each  of  the  ccmdenser  pipes  or  tubes  s,  and 
which  serves  to  guide  the  water  falling  from,  the  trough  R  quietly  to  the 
top  of  the  pipe  or  tube  below  where  the  stream  divides,  one  half  pass- 
ing down  and  round  one  side  of  the  tube,  and  the  other  half  down  the 
other  side  of  the  tube  as  shown. 

Fig.  8 1  shows  an  arrangement  adopted  by  some  American  and  other 
makers  for  removing  the  liquefied  agent  from  the  condenser,  and 
delivering  it  into  the  storage  tank,  as  soon  as  formed.  This  is  effected 
by  the  introduction  of  drip-pipes,  v,  connected  with  the  return  heads 

u  of  several  of  the  coils  of  pipe  or  tube 
s,  and  with  the  storage  tank  or  liquid 
receiver  w,  so  as  to  draw  off  the  liquid  at 
different  levels.  In  this  manner  the  liquid 
formed  near  the  top  of  the  condenser  at 
a  lower  temperature  is  prevented  from 
falling  to  the  warmer  lower  coils,  in  which 
a  re-absorption  of  a  certain  amount  of 
heat  w^ould  take  place,  with  a  resultant 
loss  of  work. 

Fig.  82  illustrates  an  open-air  e\'apora- 
tive  surface  condenser,  built  by  Messrs. 
Haslam,  of  Derby,  which  is  arranged  to 
work  upon  the  principles  above  enun- 
ciated, by  which  the  greatest  possible 
amount  of  efficiency  is  secured.  The 
condenser  shown  is  built  in  a  nest  of  ^\\q 
sections,  thus  rendering  it  more  con- 
venient for  transport,  and  also  admitting 
of  easy  access  being  had  to  all  parts  of  the 
apparatus  for  repairs.  Each  section  is 
provided  with  independent  valves  and 
cocks,  so  that  any  particular  section  may 
be  shut  off  at  any  time  if  desired. 

In  P'ig.  83  is  illustrated  an  atmospheric  or  open-air  condenser  made 
by  the  Triumph  Ice  Machine  Company,  Cincinnati.  This  condenser 
is  arranged  in  sections,  and  is  so  constructed  as  to  permit  of  the  ready 
removal  of  any  pipe  or  fitting,  without  the  necessity  for  shutting  down 
the  plant  or  losing  any  of  the  agent.  The  apparatus  has  double,  extra 
heavy,  wrought-iron  pipe  headers. 

The  atmospheric  condensers  designed  and  manufactured  by  the 
Fred.  W.  Wolf  Co.,  of  Chicago,  has  pipes  made  from  selected  skelp, 
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Fig.  79. — Diagram  showing 
Objections  to  Common  Plan 
of  Distributing  Water  in  At- 
mospheric Condensers. 
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with  drop-forged  Bessemer  steel  flanges  screwed  on  to  same  whilst  hot, 
thus  admitting  of  its  shrinking  in  place  when  cool.  Galvanised  iron 
troughs,  fitted  with  a  patent  levelling  device,  are  provided  for  distri- 
buting the  cooling  water,  and  perforated  steel  strips  are  secured 
between  the  pipes.  An  inlet  and  an  outlet  valve  are  fitted  to  each  sec- 
tion, so  that  any  one  of  them  can  be  emptied  without  interfering  with 
the  operation  of  the  others. 

In  Fig.  84  is  illustrated  an  atmospheric  or  open-air  evaporative  sur- 
face condenser,  built  on  Rau's  system,  with  either  copper  or  iron  pipes. 


Fig.  80. — Diagram  showing 
Method  of  Avoiding  Spattering  in 
Distributing  Water  in  Atmospheric 
Condenser. 


Fig.  81. — ^Arrangement  for  Re- 
moving Liquefied  Agent  from 
Atmospheric  Condenser. 


by  Quiri  and  Co.,  Schiltigheim,  Alsace.     The  construction  of  this  con- 
denser will  be  readily  understood  from  the  engraving. 

Evaporative  condensers  are  also  cooled  by  artificial  currents  of  air, 
propelled  by  a  fan  or  blower,  in  which  case  a  very  powerful  evaporation 
is  established.  Whether  or  not  an  arrangement  of  this  description 
would  prove  to  be  an  economical  one,  depends  upon  the  temperature 
and  cost  of  the  cooling  water  procurable  relatively  to  the  cost  of  driving 
the  fan. 
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The  amount  of  condensing  surface  for  an  open-air  condenser  is, 
according  to  Professor  Siebel,  40  square  feet  per  ton  of  refrigerating 
capacity  (or  for  one-half  ton  ice-making  capacity),  which  amount  is 
equivalent  to  64  running  feet  of  2-inch  pipe  or  to  90  running  feet  of 
I  J^-inch  pipe. 

The  amount  of  cooling  water  required  for  an  open-air  ex  atmos- 
pheric condenser  is  upward  of  50  per  cent  less  than  that  required  for 
a  submerged  condenser,  and  if  made  of  sufficient  height,  the  same 
water  may  be  used  repeatedly  in  an  open-air  condenser. 

The  following  table,  compiled  by  Mr.  Eugene  T.  Skinkle,  gives  the 
dimensions  of  open-air  or  atmospheric  condensers  of  some  plants  in 
actual  opsration  in  the  United  States : — 


Dimensions  of  Open- Air  or  Atmospheric  Condensers. 
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Supplementary  Condensers  or  Forecoolers. 

An  arrangement  intended  to  create  a  saving  of  power  and  of 
cooling  water  is  a  supplementary  condenser  or  forecooler  consisting  of 
one  or  more  coils  of  pipe  through  which  the  hot  compressed  gas  is 
caused  to  pass  before  entering  the  main  condenser.  This  supple- 
mentary condenser  is  cooled  by  the  overflow  water  from  the  main 
condenser.  When  the  supplementary  condenser  consists  of  one  coil 
only  it  should  be  equal  in  size  to  the  discharge  pipe  from  the  com- 


DOUBLE-PIPE  CONDENSERS.  1+7 

pressor.  Should  a  series  or  number  of  coils  be  piovided,  however, 
the  manifold  pipe  and  the  aggr^ate  area,  of  the  small  pipe  openings 
should  be  equal  to  that  of  the  discbarge  pipe. 

The  Westbrlin  and  Caupbell  Double-Pipe  Condenser. 

This  condenser,  which  is  shown  in  side  and  end  elevation  in  Figs. 

85  and  86,  consists  of  a  coil  made  up  with  one  pipe  inside  another, 

the  water  being  on  the  inside  of  the  internal  pipe,  and  the  hot 

compressed  gas  in  the  annulai  space  or  clearance  between  the  pipes. 


Fig.  8i. — Haslam  Atmospheric  or  Opea-air  Evaporative  Siuface  Condenser. 

This  type  of  condenser  is  an  attempt  to  secure  the  best  features  of  both 
the  submerged  and  atmospheric  types  in  one  apparatus,  and  is  specially 
suitable  wherever  the  water  is  to  be  used  over  again  for  some  other 
purpose,  and  where  the  open-air  type  cannot  be  used  by  reason  of 
structural  difficulties.  The  hot  gas  is  arranged  to  travel  in  a  downward 
direction,  and  the  cooling  water  in  an  upward  direction,  so  effecting 
an  interchange  of  temperature  that  results  in  the  warmer  water  meeting 
the  current  of  the  warmest  gas.  The  condenser  is  constructed  in  a 
nest,  comprising  several  sections  or  stands,  so  that  any  one  section 
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can  always  be  cut  out  for  repairs,  without  having  for  that  reason  to 
shut  down  the  plant,  and  such  a  cross  connection  of  the  water  con- 
nections is  provided  that  the  water  current  can  be  reversed  when  it  is 
desired  to  wash  out  the  internal  pipe. 

An  objection  to  this  type  of  condenser  would  appear  to  be  the 
liability  of  the  deposit  of  scale  in  the  pipes  from  certain  classes  of 
water. 

Hendrick's  Condenser. 

This  type  of  condenser  differs  from  those  previously  described.  It 
consists  essentially  of  a  vertical  ca.st-iron  shell  containing  two  or  more 


Fig.  83. — Triumph  Atmospheric  or  Open-air  Evaporative  Surface  Condenser. 


spiral  coils  of  ij^-inch  pipe  of  extra  thick  gauge,  the  tail  ends  of 
which  project  through  the  heads  or  covers  of  the  shell  and  are  con- 
nected together  by  suitable  manifolds. 

The  hot  compressed  gas  is  delivered  into  the  upper  part  of  this  shell, 
and  the  condensing  water  is  circulated  through  the  spiral  coil  or  coils 
of  pipe  located  therein.  The  hot  compressed  gas  is  liquefied  by  reason 
of  pressure  and  by  coming  into  contact  with  the  coil  or  coils,  and 
the  liquid  will  collect  at  the  bottom  of  the  shell,  which  thus  forms 
also  a  storage  tank  or  receiver  for  the  anhydrous  liquid,  from  which  it 
can  be  discharged  into  the  evaporator  or  refrigerator.  The  shell  is 
fitted  with  a  level  and  gauge  to  indicate  the  amount  of  liquid  therein. 


WATER-COOLING   TOWERS, 


Water -Cooling  Apparatus. 


In  large  towns  and  cities  where  the  water  from  the  water  com- 
panies' mains  has  to  be  used,  and  paid  heavily  for,  it  is  often  doubt- 
ful economy  to  attempt  to  reduce  the  temperature  of  the  condensed 
gas  below  a  certain  point,  say  60°  Fahr.  during  the  winter  months,  and 
70°  Fahr.  during  the  summer  months.  It  is  obvious  that  when  a 
high  price  has  to  be  paid  for  the  water  employed  for  cooling  and  other 


Fig.  94.— Rau's  Alinospheric  or  OpcD-air  Evaporative  Surface  Coodenser. 

purposes,  every  effort  possible  should  be  made  to  utilise  it  to  the 
fullest  extent,  and,  with  this  end  in  view,  it  is  desirable  to  use  the 
overflow  water  from  the  condenser  for  boiler-feeding  purposes,  or  to 
employ  some  means,  such  as  a  cooling  tower,  for  saving  that  which 
would  be  otherwise  run  to  waste  and  be  completely  lost. 

An  efficient  and  economical  arrangement  for  this  latter  purpose 
is  Puplett's  improved  water-saving  and  cooling  apparatus,  which  is 
illustrated  in  Fig.  87.     It  is  claimed  by  the  inventor  that  the  use  of 
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this  contrivance  enables  the  c<Miden£ing  water  to  be  used  over  and 
over  again  with  comparatively  little  loss,  the  waste  indeed  bring  prac- 
tically confined  to  the  quantity  taken  up  by  evaporation,  which  loss  is, 
of  course,  more  considerable  in  hot  weather,  and  the  consumption  of 
condensing  and  circulating  water  is  thus  minimised  as  much  as 
possible.  It  is  stated  to  have  been  clearly  demonstrated  that  in 
regular  working  for  a  considerable  period,  with  a  temperature  in  the 
sun  of  93"  Fahr.,  the  entire  loss  experienced  did  not  exceed  3  per  cent, 
of  the  total  quantity  of  watw  circulated.  The  cost  of  the  up-keep  of 
the  apparatus,  moreover,  is  trivial,  being  wie  farthing  per  thousand 
gallons  cooled,  and  the  power  required  under  ordinary  conditions  is 
one  horse-power  indicated  for 
the  same  amount. 

The  scope  of  this  work 
does  not  admit  of  entering 
into  an  extended  dissertation 
upon  what  are  known  as 
cooling  towers,  cwisequently 
space  can  only  be  found  for 
a  few  general  remarks  and 
very  brief  descripticHis  of 
some  examples  of  water- 
cooling  towers,  with  which 
this  chapter  will  be  brought 
to  a  conclusicm. 

Fii3t,  as  regards  the 
general      efficiency     of      any      .^^crr--"  .  --        '-  -  — 

apparatus  of  the  kind  under  pj 
consideration,     this    will    be 
found    to   depend   upon   the 

following  three  principal  points,  viz. : — The  extent  of  the  water  sur- 
faces exposed.  The  quantity  of  air  that  is  brought  into  contact  with 
thos^  surfaces.  And,  thirdly,  upon  the  difference  of  pressure  wluch 
exists  on  the  vapours  at  the  water  surfaces,  and  in  the  surrounding 
atmosphere  The  first  two  will  be  seen  to  relate  to  the  construction 
of  the  apparatus,  the  third  to  the  general  or  normal  atmospheric  con- 
ditions. 

From  the  above  it  will  be  gathered  that  the  chief  features  to  be 
looked  for  in  a  water-cooling  apparatus  are  the  provision  of  the 
maximum  amount  of  cooling  surface,  the  most  even  distribution  of  the 
water  ov^r  this  cooling  surface  iK>ssible,  and  an  effective  air  circula- 
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tion.  Cooling  towers  are  extensively  employed  in  the  United  States  in 
connection  with  refrigerating  plants,  and  the  following  very  brief 
descriptions  of  a  few  of  the  best  known  will  give  an  idea  of  their 
construction. 

The  Worthington  consists  of  a  steel  tower  enclosing  the  evaporating 
surfaces,  which  latter  are  formed  of  hard  glazed  tiles,  supported  upon 
X-l^eam  grating,  or  of  re-galvanised  tube  tiling. 

The  Klein  is  constructed  entirely  of  wood,  a  polygonal  vertical 
shaft  forming  the  frame  for  a  checker  work  of  boards,  which  are 
arranged  in  horizontal  layers. 

The  Stocker,  which  consists  essentially  of  a  strong  wooden  casing, 

the  interior  of  which  is  made 
up  of  crossrpieces  of  boards 
arranged  in  horizontal  layers  set 
at  right  angles  to  each  other, 
and  having  between  their  inter- 
sections upright  oblique  parti- 
tions. The  water  is  distributed 
by  a  system  of  funnel-shaped 
troughs  at  the  top  of  the  struc- 
ture. 

The  Barnard  has  a  steel 
casing  within  which  are  hung  a 
number  of  mats  made  of  a 
special  galvanised  wire  cloth. 

In  all  these  cooling  towers 
except  the  Stocker  one  fan  only 
is  emiployed,  the  latter  has  two 
fans  mounted  upon  one  steel 
shaft  at  the  base  of  the  appara- 
tus, which  arrangement  is 
claimed  to  enable  a  more  equal 
distribution  of  the  air  to  be  effected,  and  a  saving  of  driving  power,  as 
compared  with  the  amount  of  air  discharged. 

The  Zschocke  cooling  tower  is  also  said  to  afford  first-rate  results, 
and  to  be  most  economical  in  working.  This  apparatus  consists  essen- 
tially of  a  main  distributing  water-trough  located  above  the  cooler,  into 
which  the  water  to  be  dealt  with  is  delivered  direct,  or,  where  it  con- 
sists of  injection  water  carrying  a  considerable  amount  of  oil,  after 
passing  it  through  an  oil  filter.  In  the  walls  of  this  main  distributing 
trough,  and  near  its  bottom,  are  fitted  a  number  of  small  iron  pipes. 


Fig.  88. — ^Triumph  Water-Cooling 
Tower.    Elevation. 
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through  which  the  water  will  pass  into  a  series  of  smaller  distributing 
troughs,  the  walls  of  which  are  serrated  both  top  and  bottom,  so  as  to 
cause  the  water  to  be  distributed  in  drops  over  the  top  layer  of  the 
wooden  battens  composing  the  body  of  the  cooler.  These  battens  are 
evenly  spaced,  and  are  placed  at  a  slight  inclination,  so  that  each  drop 
of  water  will  be  caught  and  broken  on  the  rough  surface,  and  will 
spread  itself  out  into  a  thin  film,  which  will  flow  down  each  of  the 
battens,  and  again  form  itself  into  drops  on  the  lower  edge  of  it, 
owing  to  its  being  also  serrated,  and  will  fall  on  to  the  next  batten  in  the 
layer  below,  and  so  on,  until  the  bottom  or  lowermost  layer  is  reached. 
The  air  has  free  access  to  every  batten,  and,  consequently,  as  the  water 
parts  with  a  portion  of  its  heat  at  each,  it  will  fall  into  the  receiving 
tank  beneath  in  a  suitably  cooled  condition.  The  open  type  of  cooling 
tower  is  provided  at  the  sides  with  louvres,  which  serve  to  prevent  the 
water  from  being  blown  away  in  the  case  of  strong  winds,  whilst  at  the 
same  time  admitting  air  to  every  part. 

The  Triumph  Ice  Machine  Company's  water-cooling  tower  is  shown 
in  Fig.  88.  This  apparatus  works  on  the  principle  of  exposing  the 
water  to  be  cooled  in  a  thin  sheet  to  the  cooling  effect  of  the  atmos- 
phere, the  result  being  said  to  be  increased  in  the  above  tower  by  im- 
parting to  it  a  rotary  motion  against  the  air  current.  This  rotary 
motion  is  given  by  a  small  water-wheel  in  the  manner  plainly  shown 
in  the  illustration. 

A  cooling  device  made  by  the  Linde  Company  for  use  in  connection 
with  submerged  condensers  consists  of  the  following  arrangements: 
The  condenser  pipes  are  placed  in  an  iron  tank,  the  cooling  water 
being  kept  in  motion  by  a  stirrer.  At  the  top  of  the  tank  are  provided  a 
number  of  sheet-iron  cylinders,  so  arranged  that  they  are  immersed  in  the 
water  below  to  the  extent  of  about  one-third  of  their  diameter.  These 
cylinders  are  caused  to  rotate  slowly  upon  their  axes,  and  their  water- 
covered  surfaces  are  subjected  to  the  action  of  a  current  of  air  gene- 
rated by  a  fan,  the  consequent  evaporation  producing  the  cooling 
effect.  This  apparatus  is  identical  in  principle  to  the  Wetzel  pan 
for  concentrating  the  syrup  or  liquor  in  the  manufacture  of  sugar. 


CHAPTER  IX. 

THE    ABSORPTION   AND    BINARY   ABSORPTION 

PROCESS   OR    SYSTEM. 

The  Principle  of  the  Absorption  Process. — Early  Machines. — Later  Patterns  of 
Machines. — The  Binary  Absorption  Process,  or  Machines  using  a  Compound  or 
Dual  Liquid. 

The  principle  involved  in  the  operation  of  machines  for  the  abstrac- 
tion of  heat  by  the  evaporation  of  a  separate  refrigerating  agent  of  a 
volatile  nature  under  the  direct  action  of  heat^  and  without  the  use  of 
power,  which  agent .  again  enters  into  solution  with  a  liquid,  is, 
as  has  been  previously  observed  of  the  liquefaction  process, 
more  a  chemical  or  physical  action  than  a  mechanical  one.  It  is 
founded  upon  the  fact  of  the  great  capacity  possessed  by  water  for 
absorbing  a  number  of  vapours  having  low  boiling  points,  and  of  their 
being  readily  separable  therefrom  again,  by  heating  the  combined 
liquid ;  hence  it  is  commonly  known  as  the  absorption  process. 

The  absorption  process  was  invented  by  Ferdinand  Carr^  (brother 
to  Edmond  Carre,  whose  sulphuric  acid  freezing  apparatus  has  been 
previously  mentioned)  about  the  year  1850.  This  system  involves  the 
c(Hitinuous  distillation  of  ammoniacal  liquor,  and-  requires  the  use  of 
three  distinct  sets  of  appliances,  viz. : — 

First,  for  distilling,  condensing,  and  liquefying  the  ammonia. 
Second,  for  producing  cold,  by  means  of  a  refrigerator,  and  absorber, 
a  condenser,  a  concentrator,  and  a  rectifier.  Third,  pumps  for  forcing 
the  liquor  from  the  condenser  into  the  generator  for  redistillation. 
The  three  operations  are  each  distinct  from  the  other,  but  when  the 
apparatus  is  in  actual  work  they  must  be  continuous,  and  are  dependent 
upon  one  another,  forming  separate  stages  of  a  closed  cycle. 

An  advantage  of  the  absorption  process  is  that  the  bulk  of  the 
heat  required  for  performing  the  work  is  applied  direct  without  being 
transformed  into  mechanical  power.  The  first  machines,  however, 
constructed  upon  this  principle  were  very  imperfect  in  operation, 
by  reason  of  the  impossibility  of  securing  an  anhydrous  product  of  dis- 
tillation, and  as  the  ammonia  distilled  over  contained  as  much  as  25 
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per  cent,  of  water,  a  v^  large  expenditure  of  heat  was  required 
for  evaporation,  and  the  working  of  the  apparatus,  moreover,  was 
rendered  intermittent.  This  was  owing  to  the  distillation,  which  is 
the  most  important  operation,  and  has  of  necessity  to  be  executed  in 
a  rapid  manner,  being,  in  the  first  machines,  very  imperfectly  effected, 
and  the  liquor  resulting  therefrom  being  naturally  much  diluted  with 
water.  Another  serious  result  of  the  above  defect  was  the  accumula- 
tion of  weak  liquor  in  the  refrigerator,  and  the  consequent  necessity  for 
constant  additions  of  ammonia. 

By  subsequent  improvements,  however,  made  by  Rees  Reece 
in  1867-70;  Mort  in  1870,  who  introduced  an  improved  temperature 
exchanger  or  economiser;  H.  F.  Stanley,  1875;  F.  Carr6  (the  original 
inventor),  in  1876;  W.  H.  Beck,  in  1886;  Mackay  and  Christiansen, 
and  £.  H.  Tomkins,  in  1887;  and  later  still  in  the  same  year  by 
£.  L.  Pontifex,  the  distillate  has  been  rendered  nearly  anhydrous,  and 
absorption  machines  have  been  brought  to  a  very  considerable 
degree  of  efficiency. 

In  Fig.  89  is  illustrated  F.  Carry's  continuous-acting  absorption 
machine.  As  above  mentioned,  the  agent  employed  in  this  apparatus 
is  ammonia.  In  the  drawing  a  indicates  the  generator,  b  is  the  lique- 
fier,  c  is  the  refrigerator,  d  is  the  absorber.  Aqua  ammonia  is  intro- 
duced into  the  generator  a,  the  level  of  the  liquid  being  indicated  by 
a  gauge  glass  which  is  shown  on  the  left-hand  side  of  the  said  genera- 
tor, and  which  is  practically  similar  to  that  used  on  steam  boilers, 
and  the  evaporation  is  effected  by  heat  from  the  furnace  shown  be- 
neath. The  gas  from  the  generator  a  is  conducted  by  a  suitable  pipe 
E  to  the  liquefier  b,  wherein  it  passes  through  a  congeries  or  series  of 
coils  or  zigzags  arranged  in  a  bath  of  cold  water,  which  is  kept  con- 
stantly renewed  from  the  reservoir  f.  By  the  time  the  ammonia  has 
reached  a  vessel  situated  at  the  termination  of  the  coils  or  zigzags  in 
the  liquefier  it  is  in  a  liquid  condition,  and  under  a  pressure  of  about 
150  lbs.  per  square  inch,  which  pressure  is  constantly  maintained  in  the 
generator  a. 

In  the  liquid  state  the  ammonia  flows  through  the  pipe  g  to  the 
regulator  h,  by  wluch  it  is  admitted  to  the  distributor  i  through  a  pipe 
K,  which  latter  is  wound  spirally  round  the  pipe  or  tube  l,  which  is  of 
larger  bore,  and  through  which  the  vaporised  or  gasified  ammonia 
returns  from  the  refrigerator  c  after  having  performed  its  heat-absorb- 
ing duties  therein.  By  this  arrangement  the  returning  vapour  or 
gas  is  made  to  do  some  further  work  by  absorbing  or  taking  up  heat 
from  the  liquid  ammonia  on  its  way  to  the  refrigerator. 


is6  REFRIGERATION  AND  COLD  STORAGE. 

The  refrigerator  represented  in  the  drawing  consists  of  a  set  or 
series  of  six  or  other  suitable  number  of  spiral  or  zigzag  tubes  c',  c', 


which  return  upon  themsel^'es,  forming  an  equal  number  of  partitions 
in  the  tank  wherein  they  are  immersed,  which  latter  is  lagged  with 
suitable  non-conducting  material.     Each  of  these  zigzags  receives  an 
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equal  supply  of  the  liquid  ammonia  from  the  distributor  i,  and  the 
space  in  the  insulated- tank  surrounding  them  is  filled  with  some  uncon- 
gealable  liquid,  or  one  that  will  congeal  only  at  very  low  temperatures, 
such  as  alcohol,  or  a  solution  of  chloride  of  calcium  or  of  common 
salt,  which  is  usually  known  as  brine. 

The  ice-cans  or  cases  are  immersed  in  the  liquor  between  the  zig- 
zags, and  are  sustained  upon  a  carriage  capable  of  being  moved  by  the 
same  mechanism  that  works  the  pump  m,  by  which  the  re-saturated 
solution  of  ammonia  and  water  is  returned  to  the  generator. 

The  ammonia  gas  or  vapour  from  the  zigzags  in  the  refrigerator 
c  is  collected  in  the  cylindrical  vessel  n,  from  which  it  passes  up 
through  the  tube  l  to  the  absorber  d,  where  it  meets  the  water  that 
has  been  brought  from  the  bottom  of  the  generator  a,  and  which  par- 
tially fills  the  latter.  This  water  being  nearly  free  from  ammonia, 
it  having  been  exhausted  therefrom  by  evaporation  in  the  generator 
A,  greedily  absorbs  or  takes  up  the  ammonia  gas  or  vapour  injected  into 
it  from  the  tube  l. 

^  The  absorber  d  is  fitted  with  a  worm  d^  which  receives  cooling 
water  from  the  supply  tank  f,  and  the  water  from  the  generator  a, 
which  is  brought  by  the  pipe  o,  is  first  passed  through  the  coolers  p, 
p\  before  delivery  into  the  absorber  d,  and  is  thereby  cooled  so  as 
to  fit  it  to  absorb  the  ammonia  gas  or  vapour  in  the  absorber  d  more 
freely. 

The  transference  of  the  water  from  the  bottom  of  the  generator  a 
to  the  absorber  d  is  effected  by  the  pressure  in  the  former,  whenever 
the  stop -cock  or  valve  o*  in  the  pipe  o  is  opened.  The  pipe  o  is 
carried  in  a  double  coil  through  the  cooler  p,  which  consists  of  two 
concentric  cylinders,  and  in  a  single  coil  through  the  cooler  p*,  dis- 
charging through  a  sieve,  strainer,  or  perforated  tray,  in  a  fine  shower 
into  the  absorber  d.  The  strong  ammoniacal  solution  from  the  ab- 
sorber D,  which  is  considerably  reduced  in  temperature,  is  passed 
through  the  spaces  round  the  coils  of  pipe  o  in  the  cooler  p,  and 
whilst  reducing  the  temperature  of  the  hot  exhausted  solution  or  water 
from  the  bottom  of  the  generator  a  on  its  way  to  the  absorber  d,  is 
itself  raised  several  degrees  before  being  returned  to  the  generator, 
to  the  mutual  advantage  of  both.  The  coil  of  pipe  o,  in  the  second 
cooler  p\  is  water  cooled  from  the  supply  tank  f. 

The  saturated  solution  from  the  absorber  d  is  drawn  off  by  the 
force  pump  m  (which  is  driven  by  a  steam-engine  or  other  motor), 
through  the  pipe  R,  and  is  delivered  thereby  to  the  space  round  the 
coil  in  the  cooler  p,  passing  from  the  cooler,  through  the  pipe  T,  to 
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the  dome  on  the  upper  part  of  the  generator  a,  where  it  falls  upon,  and 
trickles  downward  through,  a  series  of  perforated  strainers  or  trays, 
whilst  the  ascending  ammoniacal  gas  or  vapour,  on  the  other  hand, 
takes  a  sinuous  upward  course,  alternately  passing  round  the  edge  of 
one  of  the  trays,  and  through  a  central  hole  or  aperture  provided  in 
the  next,  and  so  on  to  the  gas  or  vapour  pipe  e  ;  any  aqueous  vapour, 
which  might  otherwise  be  carried  off  with  the  ammoniacal  gas  or  vapour, 
being  thus  condensed  and  returned  to  the  generator. 

The  constant  pressure  maintained  in  the  generator  a  is,  as  already 
mentioned,  about  150  lbs.  per  square  inch,  and  to  prevent  this  pressure 
from  being  exceeded  a  safety  valve  is  provided  on  the  dome  of  the 
generator  a.  And  gas  that  escapes  through  this  safety  valve  is  led 
through  a  suitable  pipe  to  a  small  water  tank,  where  it  is  absorbed. 

As  will  be  seen  from  the  above  description,  the  operation  is, 
shortly,  as  follows: — 

The  aqua  ammonia  is  first  introduced  into  the  generator  a,  the  gas 
or  vapour  expelled  therefrom  by  heat  into  the  condenser  b;  and  so 
that  the  process  may  be  carried  out  continuously  and  not  be  arrested 
by  the  exhaustion  of  the  solution,  the  exhausted  or  impoverished  liquor 
is  slowly  drawn  off  at  the  bottom  of  the  generator,  an  equal  volume  of 
fresh  strong  solution  being  constantly  inserted  at  the  top  thereof.  The 
united  effects  of  the  cooling  and  pressure  produce  liquefaction  of  the 
ammoniacal  gas  or  vapour  in  the  condenser,  and  the  liquid  ammonia 
passes  to  the  refrigerator.  It  will  be  seen  that  the  ammoniacal 
gas  or  vapour  from  the  tubes  of  the  refrigerator  is  re-absorbed,  and  a 
rich  solution  is  formed  to  feed  the  generator,  the  absorbing  water  used 
being  that  withdrawn  exhausted  from  the  latter.  Thus  the  generator  and 
the  condenser  will  keep  up  a  continuous  supply  of  the  liquid,  and  the 
refrigerator  will  continue  to  freeze  successive  charges  of  water  in  the 
ice-cans  or  cases,  provided,  however,  that  the  requisite  heat  to  vaporise 
or  gasify  the  ammonia  is  supplied  to  the  generator.  If,  therefore, 
the  entire  apparatus  be  perfectly  fluid-tight,  as  it  is  theoretically  sup- 
posed to  be,  no  escape  could  take  place  by  leakage  or  otherwise, 
and  the  same  materials  would  go  on  indefinitely  producing  the  same 

uniform  effect. 

In  starting  a  machine  constructed  on  the  absorption  principle  it 
must  be  first  blown  through  to  expel  all  the  air.  In  Carry's  apparatus 
the  air  escaping  from  the  absorber  is  conducted  by  a  suitable  pipe  into 
what  is  known  as  a  purger,  where  it  is  passed  below  the  surface  of 
water  to  absorb  or  retain  any  ammonia  that  would  otherwise  escape 
with  the  air. 
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A  large  amount  of  water  is  required  for  cooling  purposes  in  the  con- 
denser or  liquefier,  and  absorber,  and  a  considerable  consumption  of 
fuel  is  also  necessary  to  heat  the  generator,  when  this  is  performed 
directly  by  means  of  a  furnace,  as  above  described;  when,  how- 
ever, this  is  effected  by  steam-heated  pipes,  as  in  Stanley's  1875 
patent,  or,  as  will  be  described  later  on,  by  coils  of  pipe  heated  by  the 
exhaust  steam  from  an  engine,  or  even  by  direct  or  live  steam  from 
a  boiler,  there  is  a  considerable  saving  on  this  head.  Steam  or  other 
motive  power  is  likewise  required  for  driving  the  force  pump. 

It  is  claimed  by  Mr.  Carr^  that  for  each  pound  of  coal  consumed 
as  fuel,  from  8  to  12  lbs.  of  ice  can  be  produced,  in  accordance  with 
the  size  of  the  apparatus.  iFor  working  the  larger  form  of  machine, 
capable  of  making  500  lbs.  of  ice  per  hour,  two  men  are  required ;  the 
force  pump  is  capable  of  forcing  220  gallons  of  liquid  per  hour  into  the 
generator,  and  during  the  same  time  100  lbs.  of  pure  ammonia  is 
liberated  from  solution,  liquefied,  evaporated,  .and  re-dissolved  or  re- 
absorbed. 

Rees  Reece's  chief  improvement  is  founded  on  the  fact  that  two 
vapours  having  different  boiling  points,  when  united,  can  be  recovered 
by  fractional  condensation,  and  by  means  of  his  apparatus  a  prac- 
tically anhydrous  distillate  can  be  obtained. 

The  special  feature  in  the  invention  described  in  his  1867  patent 
.  is  the  method  of  obtaining  nearly  anhydrous  liquid  ammonia  by  means 
of  an  analyser,  a  rectifier,  and  a  condenser,  the  peculiar  construction 
and  arrangement  of  which  enables  a  continuous  distillation  and  rectifi- 
cation of  a  dilute  solution  of  ammonia  to  be  effected  upon  the  sepa- 
rative principle.  The  ammoniacal  gas  is  reduced  by  its  own  pressure 
to  a  liquid  condition  in  the  condenser,  from  which  it  passes  into  the  re- 
frigerator at  a  very  low  temperature,  quickly  abstracting  the  heat  from 
any  fluid  passed  through  the  latter. 

A  boiler  is  connected  with  an  analyser  consisting  of  a  series  of 
plates  arranged  in  the  usual  manner  within  a  strong  iron  vessel.  The 
analyser  is  connected  with  a  rectifier,  which  is  provided  with  a  series 
of  vertically  arranged  tubes  surrounded  by  cold  water,  through  which 
tubes  the  ammoniacal  fluid  passes  to  the  condenser;  or  in  an  alter- 
native arrangement  the  rectifier  is  provided  with  a  series  of  vessels 
placed  one  above  the  other  with  a  space  between  them,  the  vessels 
being  so  connected  that  a  f>assage  is  formed  from  end  to  end  thereof 
for  a  continuous  stream  of  cold  water.  The  condenser  is  either  fitted 
with  tubes  and  is  practically  similar  in  construction  to  the  first  arrange- 
ment of  rectifier  above  mentioned,  or  it  consists  simply  of  a  cylindrical 
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or  other  suitably  shaped  iron  vessel,  of  sufficient  strength  to  resist  the 
internal  pressure  of  the  gas,  and  immersed  in  cold  water.  From  this 
condenser  the  condensed  ammonia  passes  to  a  refrigerator,  which  may 
be  of  any  convenient  form  and  construction.  The  liquid  cooled  in 
the  refrigerator  parts  with  the  greater  portion  of  its  heat  to  the 
condensed  ammonia,  which  is  again  vaporised,  and  in  this  form  passes 
into  an  absorbing  vessel  which  is  kept  cool  by  water,  and  which  serves 
to  maintain  the  required  vacuum  in  the  refrigerator.  The  ammoniacal 
solution  passes  from  the  absorber  into  a  heating  vessel,  from  which  it 
is  returned  into  the  analyser.  The  latter  may,  however,  on  occasions 
be  dispensed  with,  and  the  boiler  connected  directly  with  the  recti- 
fier. 

In  his  1870  invention  further  improvements  are  introduced,  and  the 
entire  apparatus  comprises  a  generator,  an  analyser,  a  rectifier,  a 
liquefactor,  a  receiver,  a  refrigerator,  an  absorber,  and  a  heater,  an 
engine  placed  between  the  refrigerator  and  the  absorber  being  some- 
times, moreover,  employed. 

The  first  fixe  of  these  vessels  form  what  may  be  called  the  distillery 
part  of  the  apparatus,  and  the  main  object  of  these  improvements  is 
likewise  to  ensure  the  more  perfect  elimination  of  liquid  ammonia  in 
an  anhydrous  condition,  or  practically  so,  from  its  aqueous  solution,  and 
in  one  continuous  uninterrupted  operation. 

The  analyser  consists  of  a  vessel  fitted  with  a  series  of  perforated 
cups  or  dishes,  a  dividing  plate,  an  overflow  pipe,  and  a  dead  plate  or 
baffle  to  prevent  the  direct  passage  of  the  steam  through  the  cylinder. 
The  absorber  comprises  a  series  of  pipes  arranged  together  within  a 
tank  or  cistern. 

The  ammoniacal  gas  eliminated  from  its  solution  in  water  by  the 
action  of  the  generator,  analyser,  and  rectifier,  passes  onwards  to  the 
liquefactor  or  liquefier,  wherein  by  its  own  pressure  it  is  reduced  to 
a  liquid,  and  is  collected  in  the  receiver;  the  liquid  ammonia  so  ob- 
tained being  practically  anhydrous.  This  anhydrous  ammonia  is  then 
passed  into  the  refrigerator,  in  which  is  placed  a  coil  of  pipe,  any 
liquid  passing  through  which  will  be  cooled  by  the  evaporation  of 
the  liquid  ammonia  surrounding  it. 

The  refrigerator  is  connected  through  a  stop-cock  or  valve  to 
another  coil  contained  or  enclosed  in  an  iron  pipe,  which  coil  extends 
to  the  absorber  vessel,  the  latter  being  connected  to  the  coil  of  piping 
contained  in  the  refrigerator.  The  object  of  this  second  vessel  and 
coil  is  to  effect  an  interchange  of  temperature  with  the  gas. 

During  its  further  onward  passage  to  the  absorber  the  ammoniacal 
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gas  comes  in  contact  with  the  spent  or  exhaust  liquor  of  the  distilling 
apparatus  in  which  it  dissolves,  yielding  back  the  original  quantity 
of  the  ammonia  solution,  to  be  used  over  again  repeatedly  without 
any  appreciable  loss  or  waste.  This  solution  of  ammonia  is  forced  by 
a  pump  into  the  top  of  the  analyser,  wherein  the  ammonia  is  separated 
from  the  water,  and  passes  to  the  condenser  to  be  liquefied,  whilst,  on 
the  other  hand,  the  exhausted  liquor  goes  to  the  generator,  and  from 
thence  into  the  temperature  exchanger  or  heater,  and  on  to  the  absorber. 

The  tension  or  elastic  force  possessed  by  the  gas  as  it  passes  from 
the  refrigerator  to  the  absorber,  especially  when  employed  for  cooling 
water,  admits  of  its  being  utilised  for  driving  the  pumps  of  the  appa- 
ratus, or  for  other  purposes. 

The  operation .  of  Reece's  improved  apparatus  is  briefly  as  fol- 
lows : — 

The  charge  of  liquid  ammonia  (the  ordinary  commercial  quality  of 
a  density  of  26°  Beaum^)  is  vaporised  by  the  application  of  heat,  and 
the  mixed  vapour  of  water  and  ammonia  passed  to  the  vessels  called 
the  analyser  and  the  rectifier,  wherein  the  bulk  of  the  water  is  con- 
densed at  a  comparatively  elevated  temperature,  and  is  returned  to  the 
generator.  The  ammoniacal  vapour  or  gas  is  then  passed  to  the  con- 
denser, where  it  is  treated  in  a  substantially  similar  manner  to  that  in 
Carre's  apparatus,  that  is  to  say,  it  is  caused  to  liquefy  under  the 
combined  action  of  the  condensation  effected  by  the  cooling  water  cir- 
culating round  the  condenser  tubes,  and  of  the  pressure  maintained 
in  the  generator.  The  liquid  ammonia  (in  this  case  practically  anhy- 
drous) is  then  used  in  the  refrigerator,  and  the  vapour  therefrom,  whilst 
still  under  considerable  tension,  is  admitted  from  the  refrigerator  to 
a  cylinder  fitted  with  a  slide  valve,  and  entry  and  exhaust  ports,  prac- 
tically similar  to  those  of  a  high  pressure  steam-engine,  and  is  thus 
utilised  to  drive  the  force  pump  for  returning  the  strong  solution  to 
the  generator,  after  which  it  is  p^assed  into  the  absorber,  where  it  meets, 
and  is  taken  up  by,  the  weak  liquor  from  the  generator,  and  the 
strong  liquor  so  formed  is  forced  back  into  the  generator  by  means  of  a 
force  pump  as  before  described. 

The  temperature  exchanger  or  economiser  introduced  by  Mort  in 
1870,  provides  for  the  hot  liquor  on  its  way  from  the  generator  to  the 
absorber  giving  up  its  heat  to  the  cooler  liquid  from  the  absorber  on  its 
way  to  the  generator,  thereby  saving  the  abstraction  of  so  much  heat 
from  the  generator,  and  admitting  of  the  liquid  in  the  absorber  being 
kept  at  a  lower  temperature,  which  is  of  great  importance  to  the 
economical  working  of  the  apparatus. 

M 
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The  invention  which  Harry  Frank  Stanley  patented  in  1875  com- 
prises several  important  improvements  upon  the  foregoing,  the  chief 
of  which  are  as  follows : — 

In  place  of  applying  fire  heat  to  the  generator,  as  had  been  hitherto 
customary,  a  coil  of  steam  pipes  is  employed  for  evaporating  the  am- 
moniacal  vapour.  The  advantages  derived  from  this  are  that  the 
pressure  and  temperature  in  the  generator  can  be  much  more  easily 
regulated,  and,  moreover,  the  ammonia  separates  from  the  water  better 
at  a  low  heat,  and  an  even  temperature  is  found  to  be  most  essential 
to  the  efficient  working  of  the  apparatus.  The  steam-heated  evaporat- 
ing pipes  consist  of  a  number  of  straight  pipes  connected  together  by 
bends,  giving  a  very  large  heating  surface,  and  when  the  exhaust  steam 
from  the  engine  is  employed  therein  for  heating  purposes,  a  very  great 
saving  of  fuel  is  effected. 

The  analyser  is  placed  upon  the  generator  so  as  to  economise  space 
and  save  the  connections  othenvise  necessary.  This  analyser  is 
formed  preferably  cylindrical,  and  is  fitted  with  a  series  of  dishes  or 
trays  having  passages  so  arranged  that  the  vapour  impinges  on  the 
undersides  thereof,  and  traverses  the  vessel  without  passing  through 
the  liquid.  Each  of  the  dishes  or  trays  is  provided  with  an  overflow 
pipe  which  is  raised  above  the  level  of  the  bottom  thereof,  so  as  to 
keep  some  liquid  in  the  dish  or  plate,  but  always  below  the  top  of 
the  vapour  outlet.  As  the  ammonia  vapour  is  driven  off  from  the 
solution  of  ammonia  and  water,  by  the  heat  of  the  vapour  rising  from 
the  tray  below,  it  passes  through  the  vapour  outlets  into  the  rectifier 
without  going  through  the  liquor  on  the  tray  of  trays  above. 

By  this  mems  a  considerable  saving  of  fuel  is  efFec-ted,  as  the  ammonia 
when  once  separated  from  the  water  on  each  tray  or  plate  is  at  once 
delivered  to  the  rectifier.  Otherwise,  were  this  not  so,  water  has  such 
a  strong  affinity  for  ammonia,  that  the  vapour  which  had  been  separate! 
from  the  liquor  on  one  plate  would  quickly  become  absorbed  again 
by  the  liquor  it  had  to  pass  through  on  the  next  plate. 

The  rectifier  is  placed  on  the  condenser,  the  two  forming  in  fact 
one  vessel,  and  the  same  condensing  water  does  duty  for  both,  the 
latter  passing  in  at  the  bottom  of  the  condenser  where  the  coldest 
water  is  wanted,  and  up  the  outside  of  the  coil  into  the  rectifier,  from 
which  it  passes  to  the  absorber.  The  ammoniacal  gas  or  vapour  passes 
from  the  analyser  into  the  top  of  the  coil  in  the  rectifier,  which  coil 
is  fitted  at  intervals  with  pockets  to  carry  off  the  water  resulting  from 
the  condensation  of  the  vapour  coming  from  the  analyser,  so  that 
immediately  any  such  condensation  occurs  the  liquor  passes  at  once 
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out  of  the  coil,  and  the  ammoniacal  vapour  does  not  come  in  contact 
with  the  water  after  being  separated  from  it.  By  providing  these 
pockets  with  cocks  or  valves  suitable  adjustments  of  the  apparatus  can 
be  effected. 

The  ammonia  gas  thus  passes  to  the  condenser  in  a  practically 
anhydrous  condition,  which  is  absolutely  essential  to  the  economical 
working  of  the  apparatus,  and  which  would  not  otherwise  be  the  case, 
as  if  the  said  gas  comes  into  contact  with  the  water  resulting  from 
its  condensation  it  would  re-absorb  a  portion  of  it. 

The  condenser  coil  is  contained  in  a  cast  or  wrought-iron  cylinder, 
and  to  simplify  the  apparatus  and  to  save  space,  the  condenser  is  placed 
upon  the  receiver,  the  latter  being  a  plain  wrought  or  cast-iron  vessel 
serving,  as  before,  to  store  the  anhydrous  ammonia  before  it  goes  into 
the  cooler  or  refrigerator;  it  is  fitted  with  a  glass  gauge,  or  a  float 
gauge  to  indicate  the  level  of  the  liquid  therein.  When  the  latter  is 
employed,  revolving  spindles  or  rods  working  vertically  through  stuffing 
boxes  in  the  usual  way  are  preferably  used,  as  tending  to  minimise 
friction  and  prevent  leakage. 

The  refrigerator  or  cooler  is  substantially  similar  to  that  employed 
in  the  former  arrangements,  but  is  fitted  with  a  self-closing  gauge  in 
case  of  breakage. 

The  absorber  is  constructed  of  smaller  pipes  or  tubes,  so  as  to 
enable  a  greater  number  to  be  used  than  heretofore,  and  thus  for  a 
given  content  to  secure  a  very  much  larger  surface  exposed  to  the 
action  of  the  cold  water  which  surrounds  the  tubes;  the  latter  are 
preferably  constructe  1  of  wrought-iron. 

Another  saving  of  condensing  water  is  effected  by  having  a  few 
of  the  top  pipes  above  the  upper  extremity  of  the  water  cistern,  and 
letting  the  warm  water  coming  from  the  rectifier  drip  over  the  out- 
side of  the  pipes.  The  heat  due  to  the  ammoniacal  gas  being 
absorbed  by  the  weak  liquor,  which  is  given  off  from  the  inside,  is 
sufficient  to  vaporise  a  portion  of  the  water,  and  a  large  quantity  of 
heat  becomes  latent  in  the  vapour,  producing  a  refrigerating  effect. 

The  pump  employeJ  for  drawing  the  strong  solution  of  ammonia 
produceJ  in  the  absorber,  and  forcing  it  through  the  coil  of  pipe  in 
th3  heater  into  the  analyser,  against  the  pressure,  is  so  constructed  that 
there  are  the  very  least  possible  clearances,  and  that  the  whole,  or 
practically  the  whole  contents,  -are  discharged  at  each  stroke,  thus 
preventing  expansion  of  gas  on  the  return  stroke,  tending  to  keep  the 
suction  valves  closed.  The  pump  cocks,  valves,  and  gauges,  are 
provided  with  water  containers,  so  that  should  any  leakage  of  ammonia 
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through  the  stuffing  box  occur,  the  water  will  absorb  it,  the  latter  being 
returned  into  the  apparatus  when  it  becomes  thoroughly  saturated. 
The  stuffing  box  cock  is  constructed  with  a  guard,  and  with  an  adjust- 
able clamp  screw,  which  holds  the  ke}*  to  its  seat,  preventing  leakage 
from  compression  of  the  packing,  and  admitting  of  the  stuffing  box 
being  repacked  whilst  the  apparatus  is  at  work. 

To  allow  for  the  gradual  weakening  of  the  solution  of  ammonia, 
a  small  vessel  or  still  is  provided  in  connection  with  the  generator, 
wherein  the  weak  solution  from  the  latter  is  evaporated  off  at  a  low 
temperature  into  the  apparatus,  where  the  least  pressure  exists. 

In  the  invention  patented  by  William  Henry  Beck,  in  1886,  some 
still  further  improvements  in  various  details  of  construction  are  des- 
cribed, notably  in  the  arrangement  of  the  analyser  and  rectifier,  and 
the  absorber. 

In  the  first-mentioned  vessel  a  series  of  sheet  iron  or  steel  trays 
with  or  without  perforations,  the  edges  whereof  are  drifted  or  set 
up  so  as  to  form  short  adjutages,  are  provided.  Each  alternate  one 
of  these  trays  has  a  central  opening,  and  each  intermediate  tray  an 
annular  space  left  between  its  circumference  and  the  enclosing  case 
or  cylinder.  An  inner  sheet  metal  casing  is,  moreover,  provided  in 
which  the  water-separating  trays  are  secured,  and  which,  together  with 
such  trays,  can  be  easily  removed  and  replaced  in  position;  and  the 
mouth  of  the  vapour  outlet  pipe  is  sometimes  surrounded  by  a  finely 
perforated  wire  gauze  chamber  or  guard. 

The  absorber  is  formed  with  a  primary  absorbing  vessel,  wherein 
the  absorption  of  the  ammonia  gas  is  effected  to  an  extent  dependent 
upon  the  temperature  of  the  ordinary  cooling  or  condensing  water, 
combined  with  a  secondary  absorbing  vessel  wherein  a  further  absorp- 
tion of  the  ammonia  gas  is  effected  by  the  cooling  action  of  a  current 
of  cold  brine,  or  of  water,  cooled  to  a  temperature  below  that  of  the 
ordinary  cooling  or  condensing  water  used  in  the  primary  absorber. 

The  weak  liquor  cooler,  the  liquid  ammonia  receiver,  the  condenser, 
and  the  rectifier  are  contained  in  a  single  open-topped  tank  provided 
with  divisions  or  partitions  so  arranged  as  to  ensure  the  passage  of  the 
cooling  or  condensing  water  successively  through  each  of  the  com- 
partments. 

Frederick  Noel  Mackay  and  Adolph  Gothard  Christiansen  obtained 

a  patent  for  improvements  in  ammonia  absorption  machines  in  1887,  the 

main  features  of  which  that  are  claimed  as  novel  being  as  follows,  viz. : — 

The  separation  of  the  ammoniacal  gas  from  the  liquor  in  which  it 

is  absorbed,  by  boiling  the  liquor  in  stages  within  the  same  boiler. 
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An  analyser  consisting  of  a  chamber  containing  superimposed 
spirally  corrugated  plates  having  perforations  or  openings. 

The  combination  within  one  chamber  of  an  ammoniacal  liquor 
boiler  and  analyser. 

A  rectifier  consisting  of  such  an  arrangement  of  a  coil  or  coils  that 
the  gas  will  take  an  upward  direction,  and  the  liquid  a  downward 
direction. 

A  condenser  wherein  the  coils  are  so  connected  that  the  gaseous 
ammonia  passes  from  coil  to  coil  in  an  upward  direction,  whilst  the 
liquid  ammonia  flows  in  a  downward  direction. 

A  multiple  coil  condenser  so  constructed  that  it  has  but  one  single 
through  way. 

A  rectifier  and  condenser  consisting  of  chambers  containing  coils, 
all  the  joints  whereof  are  situated  on  the  exterior. 

An  auxiliary  cooler  composed  of  a  chamber  fitted  with  a  coil  and 
regulator,  and  suitable  connections. 

A  vaporiser  and  refrigerator  wherein  the  brine  flows  through  a 
chamber,  whilst  the  liquid  ammonia  expands  through  small  perfora- 
tions or  apertures  into  tubes  contained  in  this  chamber. 

An  absorber  constructed  with  a  concentric  corrugated  chamber. 

Ammonia  pumps  provided  with  a  chamber  through  which  ammcMiia 
liquor  from  the  absorber  passes. 

An  arrangement  whereby  ammoniacal  liquor  from  the  absorber  is 
caused  to  cool  ammoniacal  liquor  from  the  boiler. 

In  Edward  Henry  Tompkins'  patent,  which  was  granted  in  the 
latter  part  of  1887,  for  improvements  in  refrigerating  apparatus  of 
the  kind  or  class  for  which  previous  letters  patent  were  granted  to 
Rees  Reece  and  William  Henry  Beck,  the  chief  novel  points  claimed 
are : — 

The  placing  of  the  generator  within  the  boiler  so  as  to  secure  the 
full  efiiciency  of  the  heat  given  off  by  the  steam  generated  therein. 

The  combination  and  connection  with  the  main  gas  pipe  from  the 
generator,  of  a  vessel  doing  the  triple  duty  of  heater,  rectifier,  and 
analyser;  w^^^^  vessel  consists  of  an  iron  tank  with  an  arrangement  of 
tubes,  and  a  sealed  joint  or  joints  at  the  base  through  which  the  gas 

rises. 

An  improved  form  of  condenser,  consisting  of  an  ordinary  con- 
denser of  the  multi-tubular  pattern,  wherein  the  tubes  are  passed 
through  a  tube  plate  and  expanded  in  the  usual  manner,  but  having 
in  addition  horizontal  partition  plates  of  metal  at  the  alternate  ends 
of  the  tubes,  whereby  the  ammonia  is  caused  to  travel  backwards  and 
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forwards  along  the  alternate  layers  or  sets  of  tubes,  and  thereby  to 
receive  the  full  benefit  of  the  cold  of  the  condensing  water.  By  the 
removal  of  the  end  covers,  moreover,  each  layer  or  set  of  tubes  is  ren- 
dered readily  accessible  for  cleaning  or  repairs. 

A  cooler  or  refrigerator  comprising  a  system  of  horizontal  tubes 
placed  in  a  large  tank,  within  which  latter  a  solution  of  chloride  of 
calcium  is  caused  to  circulate  so  as  to  secure  an  equable  temperature 
throughout  the  entire  length  of  the  tank. 

An  absorber,  wherein  provision  is  made  for  intimately  mixing  the 
ammonia  gas  from  the  refrigerator  or  cooler,  with  ammonia  liquor, 
cooled,  firstly,  by  passing  it  through  a  small  cooler,  and  secondly  by 
l)ringing  it  in  contact  with  a  series  of  tubes  through  which  water  is 
made  to  circulate,  thereby  effecting  a  considerable  gain  in  the  working 
of  the  apparatus. 

An  ammonia  pump  provided  with  a  stuffing  box  wherein  is  in- 
serted a  hollow  steel  or  iron  ring  of  suitable  dimensions,  to  which  ring 
is  connected  a  pipe  leading  to  a  receiver  having  a  glass  gauge  to  show 
the  height  or  quantity  of  liquor  ammonia  which  has  escaped  past  the 
first  series  of  packing,  and  is  containeil  therein.  From  this  receiver 
a  pipe  fitted  with  suitable  stop-cocks  or  valves  leads  to  a  small  hand- 
force  pump  or  compressor  of  the  ordinary  type,  so  that  by  opening  and 
closing  these  stop-cocks  the  escaped  liquor  can  be  withdrawn  into 
the  pump  or  compressor,  or  forced  back  into  the  generator,  as  may  be 
desired. 

The  provision  of  means  whereby  the  ammonia  liquor  from  the 
absorber  is  passed  through  a  coil  contained  in  the  compound  vessel 
doing  triple  duty  as  heater,  rectifier,  and  analyser,  and  consequently 
enters  the  generator  at  a  high  temperature,  and  the  temperature  of  the 
ammonia  gas  on  its  way  to  the  condenser  is  likewise  reduced.  The 
condensation  from  this  ammonia  gas  which  occurs  in  the  rectifier  and 
analyser,  is  conveyed  back  to  the  generator  by  gravitation ;  the  above- 
mentioned  compound  or  triple  vessel  being  situated  above  the  level 
of  the  generator,  and  the  pressure  in  both  vessels  being  equal. 

A  small  cooler  wherein  the  weak  liquor  ammonia  coming  from  the 
generator  in  its  heated  condition,  is  reduced  to  a  state  of  comparative 
coolness,  by  contact  with  tubes  cooled  by  a  circulation  of  cold  water, 
to  which  water  may  be  added,  if  required,  waste  ice  to  increase  its 
cooling  capacity.  The  advantage  claimed  for  thus  reducing  the  tem- 
perature of  the  weak  ammonia  solution,  is  that  its  power  of  absorbing 
the  ammonia  gas  from  the  cooler  or  refrigerator  is  thereby  greatly 
increased. 
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The  patent  granted  to  Edmund  Lionel  Pontifex  in  1887,  subse- 
quently to  both  those  just  mentioned,  for  improvements  in  cooling  and 
refrigerating  machines  of  the  class  described  in  the  specification  of 
former  letters  patent,  granted  to  H.  F.  Stanley,  in  1875,  lays  claim 
to  the  following : — 

The  method  of  mounting  the  condenser  coils  upon  brackets  pro- 
jecting inwards  from  the  side  of  the  cistern,  and  retaining  them  in 
position  by  means  of  uprights  extending  vertically  from  these  brackets ; 
some  of  which  uprights  are  extended  above  the  tops  of  the  condenser 
coils  for  the  purpose  of  supporting  the  rectifier  coil,  and  also  for 
carrying  a  vertically  arranged  cylinder  occupying  a  space  in  the  centre 
of  the  rectifier  coil,  and  extending  to  above  the  level  of  the  overflow 
from  the  cistern.  The  object  of  this  cylinder  is  to  ensure  that  the 
cooling  water,  that  rises  up  through  the  cistern,  should  flow  only 
through  the  annular  space  or  clearance  situated  between  the  exterior 
surface  of  the  cylinder  and  the  inner  surface  of  the  cistern,  and 
thus  cause  it  to  act  in  a  more  efficient  manner  to  cool  the  rectifier  coil 
which  is  contained  in  this  space  or  clearance. 

An  arrangement  for  ensuring  an  uniform  action  taking  place  in  all 
the  concentric  coils  of  the  condenser,  and  causing  the  liquid  coming 
therefrom  to  be  of  the  same  temperature,  consisting  in  spacing  the 
outer  coils  vertically  further  apart  than  the  inner  coils,  so  that  the 
increased  diameter  of  the  outer  coils  is  compensated  for  by  the  greater 
number  of  the  inner  coils. 

To  provide  for  the  more  perfect  regulation  of  the  admission  of  the 
anhydrous  ammonia  liquid  to  the  cooler,  which  requires  very  fine  or 
minute  adjustment,  a  stop-cock  is  provided  with  a  plug  through  which, 
in  addition  to  the  way  or  passage  which  is  usually  formed  therein, 
there  are,  at  the  sides  of  this  way  or  passage,  other  narrow  passages 
which,  when  the  stop-cock  is  partially  turned  on,  allow  of  a  small 
and  easily  regulated  quantity  of  liquid  or  fluid  being  permitted  to  pass ; 
whilst,  on  the  other  hand,  it  likewise  admits  of  a  large  volume  of  the 
liquid  being  allowed  to  pass  quickly,  whenever  the  cock  is  turned 
full  open,  as  is  sometimes  necessary  for  the  purpose  of  clearing  the 
small  passages  by  blowing  out  any  obstructions  which  may  lodge 
therein  and  tend  to  choke  them. 

The  insurance  of  a  more  effective  absorption  of  the  gas,  by  so 
arranging  the  absorber  that  the  weak  ammonia  liquor  or  solution  is 
made  to  fall  in  the  form  of  a  shower  on  to  the  surface  of  a  tray, 
which  latter  is  pro\dded  with  small  holes  or  perforations  arranged  in  con- 
centric   circles.       Through    these    holes    the    weak    ammonia  liquor 
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percolates  or  drops  down  on  to  the  tops  of  the  coils  of  cooling  pipes, 
trickling  slowly  from  coil  to  coil  until  it  reaches  the  bottom  of  the 
absorber,  from  which  latter  it  is  sucked  by  the  ammonia  pump  through 
a  pipe  fitted  at  its  inlet  end  or  extremity  with  a  perforated  strainer 
or  guard,  in  order  to  prevent  the  ammonia  pump  suction  pipe  from 
becoming  accidentally  choked  or  stopped  up  by  any  foreign  bodies. 

In  order  to  enable  the  interior  of  any  of  the  coils  of  pipe  in  the 
absorber  being  readily  cleared  of  any  deposit,  suitable  means  are 
provided  for  admitting  of  a  pump  cylinder  being  easily  attached  to  the 
outlet  of  each  of  the  coils.  This  cylinder  is  fitted  with  a  piston 
which,  by  means  of  a  piston-rod  extending  therefrom,  can  be  jerked 
or  moved  suddenly  and  violently  to  and  fro,  whilst  the  cooling  ivater 
is  flowing  through  the  coil.  The  shock  thus  caused  liberates  any  scale 
that  may  have  become  deposited  inside  the  coil,  and  this  scale  is 
carried  off  by  the  flow  of  the  condensing  or  cooling  water. 

An  improved  method  of  forming  gas-tight  joints,  for  use  wherever 
the  end  of  a  coil  or  of  a  pipe  is  to  be  secured  to  the  sides  or  ends  of 
any  of  the  vessels  or  chambers,  is  moreover  set  forth  and  claimed. 
A  nut  is  screwed  on  to  the  pipe  on  either  side  of  the  plate,  and  on 
one  or  both  sides  of  the  plate  a  circular  recess  is  formed  around 
the  pipe.  Into  this  recess,  and  around  the  pipe,  is  inserted  a 
packing  ring  or  insertion  of  india-rubber  or  of  any  other  suitable  mate- 
rial, which  ring  is  circular  in  transverse  section.  The  nut  screwing  on 
the  pipe  is  likewise  shaped  circular  at  one  end  so  as  to  enable  it  to 
enter  and  fit  into  the  recess,  or  in  some  instances  a  washer,  so 
formed,  or  dished  or  hollowed  out,  that  when  forced  against  the 
packing  ring  it  will  cause  it  to  press  inwardly  against  the  pipe,  is 
interposed  between  the  nut  and  the  plate.  In  this  manner  a  perfectly 
gas-tight  joint,  capable  of  withstanding  considerable  pressure,  is  formed, 
the  india-rubber  or  other  packing  ring  or  insertion  being  firmly  held  in 
position  so  that  it  cannot  escape  from  the  pressure  that  is  put  upon  it. 

The  Pontifex  ammonia  absorption  machine  has  been  further  im- 
proved by  Wood,  and  the  Pontifex-Wood  apparatus,  as  at  present 
constructed,  is  probably  as  near  to  perfection  as  can  be  attained  in 
machines  of  this  class. 

Fig.  90  is  a  perspective  view,  showing  the  elevation  and  general 
arrangement  of  a  machine  of  the  Pontifex  and  Wood  type,  which  com- 
prises a  generator,  a  separator,  a  condenser,  a  refrigerator,  an  absorber, 
and  an  economiser,  all  of  which  are  fitted  with  the  latest  improvements. 

Referring  to  the  illustration  A  is  the  generator,  b  is  the  separator,  c 
is  the  condenser,  d  is  the  refrigerator,  e  is  the  absorber,  and  g  is  the 
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economiser.  n  are  the  ammonia  pumps,  the  construction  of  which  will 
be  more  clearly  understood  from  the  enlarged  views,  Figs.  91  and  92. 

The  generator  a  consists  of  a  horizontal  cast-iron  cylindrical 
vessel,  containing  a  coil  of  steam-pipe  adapted  to  be  heated  by  direct 
or  live  steam  from  the  ordinary-  steam  boilers,  and  into  which  the 
chaige  of  commercial  ammonia  is  inserted. 

The  separator  b,  which  is  connected  to  the  top  of  the  generator  by 
suitable  flanges,  anil  arranged  vertically,  and  at  right  angles  to  the 


latter,  is  so  constnicled  that  any  aqueous  vapour  that  rises  with  the 
vaporised  or  gasified  ammonia  from  the  generator,  will  be  arrested  or 
trapped  by  a  suitable  arrangement  of  baffles  or  checks,  and  is  ret  urn  el 
into  the  generator;  the  practically  anhydrous  ammonia  passing 
through  a  pipe  from  the  top  of  the  separator  to  the  condenser  d. 

In  the  condenser  d,  which  consists  of  a  number  of  coils  of  pipes 
enclosed  in  a  wrought-iron  vertical  cylinder  which  is  constantly  kept 
full  of  cold  water  in  rirrulation,  the  anhydrous  ammoniacal  gas  or 
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vapour  is  condense:!  and  liquefie  1  liy  the  pressure  caused  by  its  own 
accumulation. 

The  liquid  ammonia,  which  leaves  the  condenser  at  a  temperature 
of  between  70°  and  80"  Fahr.,  next  passes  into  the  cooler  or  refrigera- 
tor D,  which  is  a  vertical  cast-iron  vessel  fittet]  with  coils  of  wixiught- 
iron  pipes,  through  which  a  circulation  of  water  or  brine  is  kept  run- 
ning. In  this  cooler  or  refrigerator  the  liquid  ammonia  instantly 
expands,  and  again  takes  the  form  of  gas  or  \'apour.     During  this  ex- 


pansion its  sensible  heat  becoming  latent,  as  already  stated,  its  tem- 
perature is  reduced  instantly  to  from  10°  to  20°  Fahr.,  or  considerably 
l<j«er  if  required,  and  the  water  or,  where  employed  for  ice-making, 
the  brine  is  reduced  or  cooled  down  to  any  predetermined  temperature. 
After  performing  its  cooling  office  in  the  refrigerator  d  the  amrtionia 
gas  or  vapour  is  led  through  another  pipe  into  the  absorber  e,  wherein 
it  comes  into  contact  with,  and  is  taken  up  and  absorbed  by,  the  water 
from  whirh  it  wa.s  first  eliminated  in  the  generator  a,  the  strong  solu- 
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tion  thus  formed  being  drawn  off  by  the  ammonia  pumps  h  and  forced 
back  through  the  economiser  or  heater  G  (wherein  its  temperature  is 
raised  by  the  water  which  is  passing  from  the  generator  into  the  ab- 
sorber) into  the  generator  a  to  be  re-evaporated. 

The  improved  ammonia  pumps,  which  -are  of  a  patented  design,  are 
mounted  in  A  frames,  as  shown  in  Fig.  90,  and  when  employed  with  a 
brine  circulation,  a  brine  pump  is  also  attached  to  the  outside  of  one 
of  the  A  frames,  and  is  driven  by  means  of  a  disc  crank  fixed  upon 
the  shaft  carrying  the  eccentrics  for  working  the  ammonia  pumps. 

One  of  the  ammonia  pump  cylinders  is  shown  in  side  elevation,  and 
vertical  central  section,  in  the  enlarged  views  Figs.  91  and  92.  As  will 
be  clearly  seen  from  the  sectional  view.  Fig.  92,  the  pump  is  of  the 
piston  type  and  double-acting. 

A  great  advantage  in  having  two  ammonia  pumps  is  that  they  can 
be  so  arranged,  that,  if  necessary,  one  of  them  can  be  shut  off  for 
repairs  or  overhauling,  whilst  the  other  is  continued  in  work. 

The  method  of  working  the'  Pontifex-Wood  improved  ammonia  ab- 
sorption machine  is  as  follows  : — 

All  connections  being  properly  made,  and  the  generator  filled  or 
charged,  with  the  ordinary  ammoniacal  liquor  of  commerce,  up  to  the 
proper  level,  as  indicated  by  the  gauge  attached  thereto,  a  little  steam 
is  admitted  to  the  coil  of  pipes  inside  the  generator,  so  as  to  raise 
just  sufficient  pressure  of  gas  or  vapour  to  expel  all  the  air  from  the 
apparatus  through  an  escape  valve  provided  for  that  purpose  in  the 
absorber. 

As  soon  as  all  the  air  is  thus  expelled,  the  full  pressure  of 
steam  is  turned  on  to  the  heating  coils  in  the  generator,  and  the  am- 
monia in  the  solution,  being  extremely  volatile,  is  instantly  driven  off 
in  the  form  of  gas  or  vapour,  and  passes  up  through  the  separator, 
where  any  aqueous  vapour  is  arrested,  and  returned  to  the  top  of  the 
condenser;  the  aqueous  portion  of  the  ammoniacal  solution  remaining 
behind  in  the  generator. 

The  condensing  water  is  admitted  at  the  bottom  of  the  condenser 
and  is  ta^en  off  at  the  top,  the  ammoniacal  gas  or  vapour  taking  the 
opposite  course,  and  passing  downwards  through  the  coil  of  pipe 
therein,  the  upper  portion  of  which  coil  is  provided  at  intervals  with 
traps  or  pockets,  and  is  known  as  the  rectifier.  During  its  passage 
through  this  coil  the  gas,  or  vapour,  is  reduced  in  temperature  by  the 
condensing  water,  and  any  water)'  particles  that  may  have  escaped  the 
separator,  and  been  carried  over  with  the  ammonia,  are  caught  in  the 
above  mentioned  traps  or  pockets,  and  are  immediately  passed  out  of 
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the  coil  and  returned  into  the  separator,  through  the  connection 
shown  in  the  drawing.  After  passing  the  lowermost  trap  or  pKxrket  the 
ammoniacal  gas  or  vapour  is  quite  dry  or  anhydrous,  and  it  is  the 
practically  perfect  reduction  thereof  to  this  condition  that  constitutes 
the  chief  advantage  of  the  Pontifex-Wood  improve  1  machine. 

The  dry  or  anhydrous  ammoniacal  gas  or  vapour  now  continues 
to  descend  the  coil  in  the  condenser,  until,  by  reason  of  its  accumula- 
tion, it  reaches  a  pressure  at  which  it  becomes  liquefiable,  the 
liquefaction  b^ng  greatly  forwarded  by  the  reduction  of  temperature 
eflFerted  in  the  condenser  by  the  constant  circulation  of  the  cooling 
water.  The  apparatus  is  so  constructed  and  regulated,  that,  as  the  gas 
or  vapour  becomes  liquefied,  the  product  of  liquid  anhydrous  ammonia 
passes  into  the  refrigerator,  wherein  it  vaporises  at  the  ordinar)-  atmo- 
spheric pressure  at  a  temperature  as  low  as  —  28''  Fahr.,  and  at  the 
moment  it  thus  changes  its  form  it  absorbs  and  renders  latent  a  very 
large  amount  of  heat,  as  has  been  already  mentioned. 

The  water  or  other  liquid  to  be  cooled  is  passed  direct  through 
the  coil  arranged  in  the  refrigerator;  or,  where  ice-making  is  carried 
out,  a  strong  solution  of  chloride  of  calcium  or  brine  is  passed  through 
it,  cooled  to  the  requisite  low  temperature,  and  pumped  into  the  ice- 
making  or  freezing  tanks. 

The  ammonia,  which  has  now  again  assumed  a  gaseous  form,  passes 
from  the  top  of  the  cooler  or  refrigerator  into  the  absorber,  which 
latter  is  connected  to  the  bottom  of  the  generator,  through  a  suitable 
pipe,  the  pressure  in  the  latter  forcing  a  constant  stream  of  the  water 
left  in  it  at  starting  into  the  absorber,  where  this  weak  solution  greedily 
absorbs  or  takes  up  the  gas  coming  from  the  refrigerator,  and  the 
strong  solution  thus  formed,  which  is  similar  to  that  first  place:!  in 
the  generator,  is  drawn  off  by  the  ammonia  pumps. 

The  strong  rich  solution  is  then  forced  through  a  coil  of  pipe  in 
the  economiser  or  heater  into  the  top  of  the  separator,  wherein  it  passes 
down  through  a  succession  of  trays,  which  latter  are  heated  by  the 
hot  vapour  or  gas  ascending  from  the  generator,  and  the  ammonia  is 
once  more  separated  from  the  water  in  which  it  is  dissolved,  the 
solution  gradually  becoming  weaker,  until  it  finally  falls  back  into  the 
generator  almost  entirely  exhausted  of  ammonia. 

As  in  Carry's  apparatus  the  complete  process  forms,  it  will  be 
seen,  a  continuous  closed  cycle,  the  changes  from  liquid  to  gas  and 
vice  versa  being  constantly  repeated. 

Theoretically  the  only  outlay  for  working  the  machine,  outside  the 
small  amount  of  oil  required  for  lubricating  the  moving  parts  and  the 
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labour,  is  that  entailed  for  the  coal  or  other  fuel  consumed  in  raising 
steam  for  heating  purposes,  where  exhaust  or  waste  steam  is  not 
employed,  and  for  supplying  the  small  steam-engine  requisite  to  drive 
the  ammonia  pumps;  in  cases,  however,  where  water  has  to  be  paid 
for,  there  is  an  additional  outlay  for  the  water  that  is  used  for  con- 
densing and  other  purposes.  The  boiler  power  required,  where  direct 
or  live  steam  is  used,  varies  from  2  horse-power  in  the  smaller  machines, 
which  are  capable  of  performing  work  equal  to  the  reduction  of  225 
gallons  of  water  10°,  or  of  60,000  cubic  ft  of  air  20°  Fahr.  per 
hour,  or  of  an  ice  equivalent  melted  per  24  hours  of  ij4  tons;  up 
to  15  horse-power  in  the  larger  sizes  adapted  to  so  treat  8,000  gallons 
of  water,  or  1,900,000  cubic  ft.  of  air,  or  of  an  ice  equivalent  in  tons 
melted  per  24  hours  of  50  tons.  In  like  manner  the  indicated  horse- 
power that  is  necessary  for  driving  the  ammonia  pumps  will  run  from 
one,  in  the  small  machines,  up  to  six  in  the  larger  sizes;  and  the 
amount  of  condensmg  water  at  50^  Fahr.  from  100  to  3,000  gallons 
per  hour. 

In  practice  a  certain  amount  of  the  ammonia  is  always  unavoidably 
lost  by  leakage,  even  under  the  most  favourable  circumstances.  The 
amount  (jf  ammonia  that  thus  goes  to  waste  and  has  to  be  replaced 
depends  chiefly  upon  the  care  taken  in  packing  the  ammonia  pumps, 
but  under  average  conditions  it  usually  varies  from  240  to  400  lbs.  per 
annum.  The  price  of  the  ordinary  commercial  liquor  ammonia  used 
in  the  machine  is  from  3d.  to  4d.  per  lb.  In  some  exceptional  cases, 
however,  machines  have  run  in  a  satisfactory  manner  for  two  or 
three  years  without  any  additions  of  ammonia  having  been  made. 

Other  refrigerating  machines  acting  on  the  above  principle,  of 
which  mention  may  be  made,  are  those  of  Hill,  Seeley,  and  another  one 
of  French  origin. 

A  number  of  British  patents  have  been  obtained  by  Frederick 
Barker  Hill,  both  singly  and  in  combination  with  others,  for  improve- 
ments in  ice-making  and  refrigerating  machinery.  No.  3427  of  1876, 
Nishigawa  and  Hill;  No.  6808  of  1885,  Hill  and  Gorman;  and  No. 
1 59 1 4  of  1886,  Hill  and  Gorman,  claims  certain  improvements  in 
absorption  machines,  the  latter  patent  comprising  mainly  improved 
means  for  heating  the  ammonia  boiler  and  for  the  formation  of  cold 
stores  for  refrigerating  purposes.  Hill,  No.  13487  of  1887,  describes 
a  refrigerating  machine  with  mercurial  pump,  wherein  mercury  is  em- 
ployed for  drawing  air  or  other  gas  or  vapour  into  and  discharging  it 
from  one  or  more  chambers.  It  is  stated  that  the  mercury  acts  as  a 
seal  to  close  the  aperture  of  the  suction  pipe,  and  that,  consequently, 
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the  use  of  a  suction  valve  can  be  dispensed  with.  This  pump  may 
be  adapted  for  use  with  an  apparatus  such  as  described  in  the  pre- 
viously mentioned  patent. 

No.  1 707 1  of  1888,  Hill  and  Sinclair,  contains  a  description  of  a 
refrigerator  or  ice-making  machine  mounted  upon  road  or  travelling 
wheels,  and  provided  with  suitable  means  whereby  motion  may  be 
transmitted  to  its  driving-shaft  from  one  of  the  wheels  during  trans- 
port. 

No.  2081 1  of  1889,  Hill  and  Sinclair,  contains  certain  improve- 
ments in  the  absorption  machine  described  in  No.  159 14  of  1886. 
The  ammonia  boiler  or  still  is  formed  in  this  case  of  two  horizontal 
tubes  connected  by  suitable  pipes  which  extend  longitudinally  within 
the  tubes.  The  horizontal  parts  of  the  pipes  are  perforated  at  their 
upper  sides  to  ensure  uniformity  in  the  action  of  the  apparatus. 
In  combination  with  the  refrigerating  apparatus  are  employe  J  two  slabs 
or  tables  formed  of  metal  or  othw  suitable  material  of  good  thermal 
conductivity,  beneath  which  circulates  brine  of  other  non-congealable 
liquid  for  conveying  the  cold  from  the  refrigerating  tubes  or  chambers 
to  the  slabs  or  tables.  These  cold  slabs  or  tables  are  adapted  for 
facilitating  and  expediting  the  manufacture  of  chocolate,  confectionery, 
pastry,  and  other  substances  which  are  formed  in  moulds,  and  which 
can  be  manipulated  ui>on  the  slabs  or  tables. 

Hill,  No.  16253  of  1889,  describes  an  improved  refrigerating  and 
ice-making  machine,  adapted  to  work  on  the  intermittent  ammonia- 
absorption  process.  The  main  features  of  the  invention  consist  in  the 
production  of  cold  by  this  method,  wherein  impoverished  ammoniacal 
liquor  from  the  ammonia  boiler  is  caused  to  pass  into  one  or  more 
supplementary  or  auxiliary  absorbers,  in  which  the  ammoniacal  gas  is 
subsequently  absorbed,  and  from  which  the  liquor  together  with 
the  gas  absorbed  thereby  is  then  returned  to  the  ammonia  boiler. 

In  ammonia-absorption  refrigerating  and  ice-making  machines  as 
constructed  before  the  date  of  this  invention,  it  was  necessary,  after 
the  distillation  of  the  ammonia,  to  reduce  the  temperature  of  the  liquid 
in  the  boiler  until  the  pressure  became  sufficiently  diminished  to  permit 
the  vaporisation  of  the  liquid  ammonia  in  the  refrigerator,  and  until 
the  liquil  in  the  boiler  was  sufficiently  cool  to  permit  the  absorption 
of  the  ammoniacal  gas  thereby.  This. cooling  of  the  liquid  neces- 
sarily occupied  a  considerable  space  of  time.  Besides,  in  many  of 
these  refrigerating  and  ice-making  machines  the  absorption  of  the  am- 
moniacal gas  took  place  only  at  the  surface  of  the  liquid  in  the  boiler, 
and  wa,s  necessarily  a.  slow  process,  the  liquid  being  of  higher  tempera- 
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ture  at  the  surface  than  at  any  other  part  thereof,  and  having  its  tem- 
perature raised  at  the  surface  by  the  condensation  of  the  gas. 

The  inventor  claims  to  have  discovered  that,  by  employing  one  or 
more  separate  or  auxiliary  absorbers,  which  can  be  put  in  communica- 
tion with  the  boiler,  the  cooler  or  condenser,  and  the  refrigerator  as 
required,  and  in  which  the  ammoniacal  gas  can  ascend  through  a  body 
of  liquid,  he  can  very  rapidly  diminish  the  pressure  in  the  ammonia 
boiler  by  absorbing  the  gas  from  the  boiler,  the  rectifier,  and  the  con- 
dexiser  in  the  absorber  or  absorbers;  and  is  enabled  to  effect  the  ab- 
sorption of  the  ammoniacal  gas  from  the  refrigerator,  either  in  the 
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Figs.  93  and  94. — Hill's  Ammonia  Absorption  Machine  with  Supplementary  or 
Auxiliary  Absorber.      Diagrams  sho^^^ng  Front  and  End  Views. 


supplementary  or  auxiliary  absorber  or  absorbers  or  in  the  boiler, 
immediately  or  very  soon  after  the  distillation,  thus  greatly  expediting 
the  production  of  cold  by  the  machine. 

Fig.  93  is  a  front  view  partly  in  section,  and  Fig.  94  is  an  end  view 
of  HilFs  refrigerating  apparatus  provided  with  a  supplementary  or 
auxiliary  absorber. 

A  indicates  the  ammonia  boiler,  b  the  separator  or  rectifier,  c  the 
cooler  or  condenser,  and  d  the  refrigerator,  e  is  the  supplementary  or 
auxiliary  absorber,  which  is  connected  with  the  boiler  a,  the  condenser 
c,  and  the  refrigerator  d  by  pipes  f,  f^  f'*,  f^  fitted  with  stop-cocks  or 
valves  G,  G^  g',  g\     By  the  manipulation  of  these  cocks  as  may  be 
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required,  the  impoverished  ammoniacal  liquor  from  the  boiler  may  be 
introduced  into  the  absorber  £  after  the  distillation  of  the  ammonia, 
and  the  liquid  charged  with  gas  by  absorption  may  be  caused  to  return 
from  the  absorber  to  the  boiler.  Thus  when  the  liquid  anhydrous 
ammonia  has  been  collected  in  the  refrigerator  d,  the  cocks  c^,  g',  are 
closed  and  the  cocks  g,  g'  partly  opened,  so  as  to  admit  of  the  weak  or 
impoverished  solution  from  the  boiler  a,  or  a  sufficient  portion  of  it, 
being  forced  into  the  absorber  e  ;  the  cock  or  valve  g*  is  then  closed, 
and  the  cock  g*  is  opened  to  rapidly  relieve  the  pressure  in  the  con- 
denser, rectifier,  and  boiler,  by  allowing  the  gas  therefrom  to  become 
absorbed  by  the  weak  solution  in  the  absorber  e.  As  soon  as  the 
solution  in  the  boiler  is  sufficiently  cooled  to  permit  re-absorption  of  the 
gas  thereby,  the  boiler  is  placed  in  communication  with  the  refrigerator 
by  opening  the  cocks  or  valves  gS  g^  The  ammonia  solution  from  the 
absorber  e  will  be  returned  by  gravity  or  in  any  other  convenient 
manner  into  the  ammonia  boiler  a,  through  the  cocks  g,  g^  when 
required. 

Instead  of  placing  the  refrigerator  D  in  communication  with  the 
boiler  a,  it  may  be  so  connected  with  the  supi)lementar}'  or  auxiliary 
absorber  e,  thereby  permitting  the  vaporisation  of  liquid  ammonia  in 
the  refrigerator,  and  the  absorption  of  the  anmioniacal  gas  by  the 
impoverished  ammoniacal  liquor  previously  introduced  into  the 
absorber  e  from  the  ammonia  boiler.  While  the  vaporisation  of  the 
ammonia  in  the  refrigerator  is  thus  proceeding,  the  weak  solution  in 
the  ammonia  boiler  may  l)e  coole^i,  after  which  the  refrigerator  may  be 
put  into  conmiunication  with  the  ammonia  boiler. 

In  Fig.  95  is  shown  a  complete  machine  constructed  on  the  fore- 
going principle,  l  is  a  coil  boiler  for  heating  the  solution  in  the 
ammonia  boiler  a,  with  which  the  coil  boiler  is  connected  through 
the  medium  of  a  separator  M. 

The  type  of  absorption  machine  made  by  the  Henry  Vogt  Machine 
Company,  of  Louisville,  Ky.,  U.S.A.,  has  no  round  coils  and  bent 
pipes.  The  generator  operates  on  the  fractional  distillation  principle, 
and  is  claimed  to  produce  practically  anhydrous  ammonia.  It  con- 
sists of  a  main  casting  divided  into  four  compartments  communicating 
the  one  with  the  other,  and  four  horizontal  pipes  connected  to  the  main 
casting,  which  contain  the  steam  heating  coils.  The  highest  compart- 
ment of  the  main  casting  is  connected  to  a  stand-pipe  containing  an 
analyser  and  rectifying  coil  by  which  the  gas  is  dried  before  it  leaves 
the  still.  The  strong  liquor  is  passed  in  at  the  top  of  the  stand-pipe, 
and  descending  through  the  rectifying  coils  and  the  analyser  reaches 
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the  upper  compartment  of  the  main  casting,  from  which  it  flows  over 
the  steam  coil  in  the  horizontal  pipes,  passing  from  one  to  the  other 
until  the  lowermost  compartment  is  reached.  The  gas  that  is  gene- 
rated is  delivered  through  the  aperture  in  each  compartment  to  the 
stand-pipes,  where  it  deposits  its  moisture,  and  the  dried  gas  goes  on  to 
the  condenser. 

The  heat  exchanger  or  economiser  consists  <rf  an  airangement  of 
straight  concentric  tubes,  the  outermost  of  which  are  connected  at  their 
alternate  extremities  by  H-sti^P^d  pieces,  and  the  inrier  ones  being 
coupled  together  by  external  bends  also  acting  as  glands  to  the  joint- 
ing. The  strong  ammonia  liquor  enters  the  heat  exchanger  at  the 
bottom  on  its  passage  to  the  still  or  generate,  and  is  delivered  out  at 


the  lop.     The  weak  liquor  from  the  still  or  generator  on  the  other 
hand  enters  the  heat  exchanger  at  the  top,  and  leaves  it  at  the  bottom. 

A  double-acting  horizontal  fly-wheel  pattern  pump,  running  at  a 
speed  of  25  revolutions  per  minute,  is  employed,  the  special  feature 
of  which  is  the  constniction  of  the  ammonia  stuffing  box  with  a  sur- 
rounding water  chamber,  which  acts  as  a  lubricator  to  the  piston  rod. 

The  absorber  is  constructed  in  the  form  of  an  upright  tubulai 
boiler  open  at  the  top,  the  tubes  being  uniformly  distributed,  and  so 
arranged  that  they  can  be  cleaned  whilst  the  machine  is  running.  The 
cooling  water  is  admitted  at  the  bottom,  and  passes  out  at  the  top, 
an  automatic  regulator  controlling  or  governing  the  flow. 

The  type  of  absorption  machine  made  by  the  Ice  and  Cold 
Machine  Company,  of  St.  Louis,  Mo,,  U.S.A.,  is  a  modification  of  the 
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Carre  apparatus  by  Mr.  Ball.  The  generator  is  constructed  of  steel 
and  is  of  a  vertical  cylindrical  form,  having  a  removable  top  head,  steam 
heated,  and  with  drying  trays  or  pans  arranged  in  the  gas  dome.  An 
open-air  or  a  submerged  type  of  condenser  is  employed  in  accordance 
with  the  water  supply!  The  heat  exchanger  or  equaliser  is  a  cylinder 
fitted  with  removable  heads  containing  tubes.     From  the  shell  of  this 


Fig-  96* — ^Tyler  and  Ellis  (CracknelPs  Patent)  Ammonia  Absorption 

Machine.     Front  View. 


heat  exchanger  the  poor  liquor  passes  to  the  coils  of  the  poor 
liquor  cooler,  which  is  also  either  of  the  submerged  or  open-air  surface 
evaporative  type,  and  thence  to  the  absorber. 

The  gas  liquefied  in  the  condenser  tubes  passes  through  the  ex- 
pansion valves  to  the  expansion  or  evaporating  coils  in  the  freezing 
tank,  and  it  returns  from  thence  to  the  absorber. 

This  latter  apparatus  is  a  cylindrical-shaped  vessel  fitted  with  ver- 
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tical  tubes,  up  through  which  the  water  passes,  removing  the  heat  from 
the  ammonia. 

The  ammonia  is  raised  by  two  single-acting  vertical  pumps  driven 
by  a  vertical  steam  engine,  to  which  they  are  directly  coupled.  These 
pumps  lift  the  enriched  ammonia  from  the  absorber  through  the  ex- 
changer tubes  into  the  top  of  the  generator,  and  thus  complete  the 
cycle. 

To  dry  the  gas  and  separate  any  moisture  therefrom  the  air-blast 
is  maintained  at  a  temperature  of  14°  below  zero  Fahr.,  and  the  tem- 
perature of  the  ice-making  box  or  tank  is  from  zero  to  2°  Fahr. 


Fig.  97. — Tyler  and  Ellis  (Crackneirs  Patent)  Ammonia  Absorption 

Machine.     Side  Elevation. 

Fig.  96  is  a  front  view,  Fig.  97  is  a  side  view,  and  Fig.  98  is  a  ver- 
tical longitudinal  central  section  through  either  a,  c,  or  b,  d  ;  Fig.  96 
showing  Crackneirs  patent  ammonia  absorption  machine,  formerly 
made  by  the  Tyler  and  Ellis  Mfg.  Co.,  Ltd.,  now  by  Ransome  and 
Rapier,  Ipswich,  and  known  as  the  "  Simplex."  The  machine  con- 
sists essentially  of  two  vessels  (a  and  b),  one  of  which  vessels  (say  b), 
contains  strong  anhydrous  ammonia  liquor,  and  is  heated  by  a  steam 
coil,  whilst  the  other  vessel  a  is  filled  with  the  spent  liquor  from  the 
last  operation,  and  is  cooled  by  a  water  coil.  Ammonia  is  given  off  in 
B  under  considerable  pressure,  and  passes  through  the  valve  to  the 
condenser,  where,  becoming  cool,  it  condenses  or  liquefies,  and  passes 
to  the  expansion  valve  as  liquid  anhydrous  ammonia.     After  getting 
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by  the  expansion  valve,  which  latter  is  regulated  to  pass  the  liquid 
according  to  the  amount  of  heat  to  be  abstracted,  or  cooling  to  be  per- 
formed, the  pressure  disappears,  and  the  liquid  ammonia  rapidly  eva- 
porates as  it  traverses  the  succeeding  pipes  and  coils,  producing  a  large 
volume  of  gas  of  an  intense  cold.  After  traversing  the  cooling  coils 
in  the  evaporator  or  refrigerator  the  gas  returns  to  the  machine  through 
another  valve,  where  it  meets  the  weak  liquor  in  the  vessel  a,  and  is  ab- 
sorbed by  it.  This  process  continues  imtil  the  charge  in  b  becomes 
spent,  and  that  in  a  concentrated,  when  the  valves  i  and  n  must  be 
closed,  the  valves  l  and  k  opened,  the  reversing  handle  t  turned 


Fig.  98. — Tyler  and  Ellis  (Crackneirs  Patent)  Ammonia  Absorption  Machine. 

Vertical  Longitudinal  Central  Section. 

towards  d,  and  upon  the  equalising-  of  the  pressure  on  the  two  gauges 
the  valves  l  and  k  should  be  closed,  the  valve  j  opened,  and,  as  soon 
as  the  pressure  falls  below  30  lbs.  on  the  pressure  gauge  on  a,  the  valve 
M  should  be  also  opened.  The  effect  of  this  will  be  to  exactly  reverse 
the  order  of  things,  A  then  becoming  the  high  pressure  or  hot  side,  and 
B  the  low  pressure  or  cool  side.  Each  of  these  operations  will  average 
about  an  hour. 

Fig.  99  is  a  plan.  Fig.  100  is  front  view,  and  Fig.  10 1  is  a  vertical 
longitudinal  section  illustrating  a  small  refrigerating  machine,  on  the 
absorption  system,  designed  by  Mr.  Lyon,  of  Glasgow.  The  illustra- 
tions, as  well  as  the  following  description,  are  taken  from  his  patent 
specification. 

G  is  the  generator,  and  A  is  the  absorber,  both  of  which  are  horizon- 
tally placed  cylindrical  vessels,  the  absorber  being  located  at  a  higher 
level  than  the  g«*nerator.     Heat  is  applied  in  the  generator  g,  through 
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a  pipe  s,  through  which  steam  is  passed,  or  an  electric  heater  or  other 
known  heating  appliance  may  be  used ;  and  the  vessel  is  encased  in  a 
shell  packed  with  a  material  h,  which  is  a  bad  conductor  of  heat. 
The  upper  part  of  the  generator  G,  is  connected  by  a  pipe  b,  to  the 
lower  part  of  a  vessel  r,  termed  a  rectifier,  which  is  kept  at  a  moderate 
temperature  by  a  water  jacket  j,  and  in  which  ammonia  vapour  enter- 
ing it  from  the  generator  G,  separates  from  traces  of  water  which  return 
to  the  generator.  From  the  rectifier  r,  the  ammonia  vapour  passes 
through  a  pipe  d,  to  a  worm  condenser  or  other  condenser  c,  in  which 
it  is  acted  on  by  cold  water  so  as  to  became  cooled  and  liquefied. 


y^:;.v.£.:.:; 
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Fig.  99.— Lyon's  Patent  AramoDia  Absorption  Machine.    Plan. 


The  ammonia  thus  condensed  and  liquefied  is  employed  in  the  or- 
dinary way  so  as  by  its  expansion  in  tubing  t,  indicated  by  dotted  lines, 
immersed  in  brine  in  a  tank  u,  to  produce  refrigeration,  the  ammonia 
proceeding  from  the  condenser  c,  by  a  pipe  v,  having  on  it  a  regulating 
or  expansion  valve  w,  to  the  expansion  tubing  t.  From  the  expansion 
tubing  the  ammonia  vapour  passes  by  a  pipe  x  into  the  absorber  a, 
which  is  provided  with  an  internal  pipe  coil  y,  and  with  an  external 
jacket  z,  through  which  cold  water  is  passed. 

On  starting  the  machine  the  absorber  a  will  be  partly  filled  with 
water  or  with  a  weak  solution  of  ammonia,  there  being  then  in  the 
generator  g,  a  strong  solution  of  ammonia.  During  the  operation  the 
solution  in  the  generator  G,  becomes  weakened  because  of  the  evapora- 
tion of  the  ammonia,  whilst  that  in  the  absorber  a,  becomes  strength- 
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ened  by  absorbing  ammonia  vapour  from  the  expansion  tubes  t;  and 
when  the  operation  has  been  continued  as  long  as  is  desirable,  the 
strong  solution  in  the  absorber  is  run  through  a  stop-cock  e,  and  pipe 
F,  into  an  intermediate  vessel  i.  Then  there  is  opened  a  stop-cock  K, 
on  a  pipe  l,  which  extends  from  the  absorber  a,  down  to  the  lower  part 
of  the  generator  g,  whereupon  owing  to  the  excess  of  the  pressure  in 
the  generator  over  that  in  the  absorber,  the  weak  solution  in  the  former 


Fig.  lOO. — Lyon's  Patent  Ammonia  Absorption  Machine.     Front  Elevation. 


is  transferred  to  the  latter.  Finally  a  stop-cock  m,  in  a  pipe  n,  con- 
necting the  intermediate  vessel  i  with  the  generator,  is  opened,  and  the 
strong  solution  is  run  into  the  generator  ready  for  a  fresh  operation. 

For  the  purpose  of  equalising  the  pressure,  the  intermediate  vessel 
I,  has  connected  to  it  a  pipe  «,  with  branches  ^,  c,  connected  to  the 
absorber  a,  and  to  the  generator  g,  the  branches  having  stop  valves  d^ 
e.  Thus  when  the  solution  is  being  transferred  from  the  absorber  a,  to 
the  intermediate  vessel  i,  the  upper  valve  d,  is  opened,  the  lower  one  e, 
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being  closed,  and  when  the  solution  is  being  transferred  from  the  inter- 
mediate vessel  I,  to  the  generator  c,  the  upper  valve  d  is  closed,  and 
the  lower  one  t,  opened. 

Fig.  102  is  a  diagram  illustrating  a  patent  autoniatic  electrically 
heated  absorption  machine  lately  designed  by  Mr.  C.  J.  Coleman,  of 
Chicago,  U.S.  In  the  diagram  the  apparatus  is  shown  partly  in  vertical 
central  section,  and  a  represents  a  combined  absorption  and  generating 
chamber;  B  an  auxiliary  absorption  chamber;  c  the  rectifier  or  water 
separator;  d  the  storage  or  condensing  coils  or  chamber  in  which  the 
ammonia  gas  collects  in  a  liquid  or  highly  condensed  state;  e  the 


automatic  expansion  valve  or  cock ;  f  the  expansion  chamber,  or 
coils,  wherein  the  condensed  ammonia  gas  from  the  storage  chamber 
is  allowed  to  expand  so  as  to  effect  the  coohng  step  or  operation 
of  the  system. 

As  shown  the  generator  a  is  connected  by  means  of  a  pipe 
G  with  the  water  separator  or  rectifier  c,  and  this  latter  is  in 
its  turn  connected  by  a  pipe  H  with  the  condensing  or  storage  chamber 
D,  a  check  valve  1  being  provided  in  this  pipe  connection  to  prevent 
any  backflow  into  the  rectifier  and  generator.  The  condensing 
chamber  d  is  connected  to  the  expansion  or  cooling  chamber  f  by  a 
pipe  J,  in  which  latter  is  arranged  the  expansion  valve  or  cock  E,  and 
the  expansion  or  cooling  chamber  is  in  its  turn  connected  to  the 
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auxiliary  absorption  chamber  b,  by  means  of  a  pipe  k,  the  auxiliary 
absorption  chamber  bwng  connected  to  the  main  generator  by  a  pipe  L, 
fitted  with  a  check  valve  m,  to  prevent  any  backflow  from  the  generator 
into  the  former. 

The  rectifying  chamber  C  is  provided  with  a  partition  or  diaphragm 
N,  which  is  constructed  of  some  material  of  a  porous  nature  that  will 
allow  of  the  passage  there-through  of  a  gaseous  body  such  as  ammonia 
gas,  but  will  prevent  the  passage  of  water  or  aqueous  vapour.  For 
this  purpose  the  inventor  finds  unglazed  and  highly  vitrified  porcelain 


Fig.  I 

to  be  a  good  material,  and  a  similar  material  to  that  employed  in  the 
manufacture  of  the  ordinary  porous  battery  cups  that  has  been  treated 
with  some  antihygroscopic  material,  such  as  paraffin,  is  likewise  found 
to  be  suitable  for  the  purpose.  The  cup  or  pot-shaped  form  shown  in 
the  drawing  is  found  to  be  preferable,  as  affording  the  maximum 
amount  of  working  surface,  in  combination  with  cheapness  and  sim- 
plicity of  construction. 

Electricity   is  employeil   f<)r   healing  purposes,    and   O    represents 
an  electric  heater,  which  is  arranged  within  the  generator  a,  so  as  to 
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raise  the  temperature  of  the  latter  to  the  desired  point.  The  operating 
circuit  of  this  electrical  heating  apparatus  includes,  in  addition  to  a 
battery,  or  some  other  source  of  electrical  energy  p,  a  switch 
mechanism  q,  which  is  adapted  to  open  and  close  the  circuit,  and 
which  is  so  pivoted  that  it  will  have  more  or  less  friction  on  its 
pivotal  bearing,  and  thus  will  have  a  tendency  to  remain  in  the 
position  to  which  it  may  be  set  or  moved,  until  such  time  as  it  is 
positively  moved  from  such  position ;  r  is  a  pressure  gauge  or  motor, 
located  in  the  pipe  connection  h,  leading  from  the  rectifier  c,  to  the 
storage  tank  or  coil  d,  and  the  duty  of  which  is  to  indicate  the  pressure 
within  this  coil  or  tank,  and  also  to  impart  movement  in  unison 
with  the  pressure  in  this  latter  to  a  connecting  rod  or  link  s,  which 
latter  is  in  op>erative  connection  with  a  pivoted  thermostat  t  of  a 
bimetallic  formation.  These  connections  are  so  arranged  that  with  the 
variations  of  pressure  in  the  storage  tank  or  coil  d,  the  thermostat  t 
will  be  correspondingly  moved  towards  or  away  from  the  contact  point 
v.  This  operating  circuit,  which  is  controlled  by  the  thermostat,  in 
addition  to  a  battery  or  other  source  of  electrical  energy  v,  also 
includes  an  operating  electro-magnet  w,  by  which  the  switch 
mechanism  q  is  worked,  so  as  to  break  or  open  the  circuit  of  the 
heating  apparatus  o. 

X  is  a  float  arranged  in  the  interior  of  the  generator  a,  which  float 
is  connected  with  a  pivoted  bimetallic  thermostat  y  in  such  a  manner 
that  the  final  movement  of  the  float  in  an  upward  direction  will  move 
the  thermostat  y  towards  the  contact  point  y',  and  will  thus  complete 
or  close  the  circuit.  In  this  circuit  is  also  included  a  battery  y',  and 
an  operating  electro  magnet  y*,  by  which  the  switch  mechanism  q  is 
worked  to  close  or  complete  the  circuit  of  the  heating  apparatus.  The 
electro-magnet  z,  is  adapted  to  open  the  expansion  valve  or  cock  k, 
and  the  operating  electrical  circuit  in  this  magnet,  in  addition  to  a 
battery  or  other  source  of  electrical  energy  z*,  also  includes  a  thermostat 
z*,  which  is  within  the  influence  of  the  expansion  or  cooling  chamber  f, 
of  the  system,  and  which  is  adapted  to  maintain  the  temperature  within 
the  expansion  chamber  constant. 

In  Fig.  103  is  shown  diagranimaticaJly  the  general  arrangement  of 
a  leading  type  of  modem  American  absorption  machine. 

The  construction  of  this  apparatus  will  be  readily  understood  from 
the  particulars  given  upon  the  drawing  and  from  the  foregoing 
descriptions. 

In  Seeley's  absorption  machine  anhydrous  ammonia  is  also  the 
agent  or  medium  employed.     The  novel  feature  in  his  apparatus  is  the 
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arrangement  of  the  generators,  which  can  be  alternately  heated  by 
means  of  steam  coils,  and  which  are  charged  with  dry  pulverised 
chloride  of  calcium.  On  heat  being  applied  to  one  of  these  genera- 
tors the  liberated  gas  rises,  is  passed  through  a  condenser,  expanded 
and  evaporated  in  a  refrigerator,  and  lastly  returned  to  the  second  gene- 
rator, wherein  it  is  taken  up  or  absorbed  by  the  dry  chloride  of  calcium. 
Heat  is  then  applied  in  its  turn  to  the  second  generator,  and  the 
operation  is  reversed,  and  so  on  ad  infiniium,  the  generators  alter- 
nately becoming  absorbers. 

In  a  French  machine,  the  refrigerating  agent  used  is  amylic  ether, 
which  is  capable  of  dissolution  under  the  action  of  sulphuric  acid. 
The  ether  is  first  extracted  from  the  acid  under  the  action  of  heat,  is 
liquefied  under  a  considerable  pressure,  and  is  passed  into  a  suitable 
receiver  or  container,  from  which  it  can  be  admitted  by  means  of  a 
stop-cock  or  valve  to  spiral  ducts  surrounding  a  cylinder  or  vessel  con- 
taining the  water  to  be  frozen,  wherein  by  its  expansion  into  gas  it 
abstracts  the  heat,  as  already  mentioned  with  respect  to  other  machines 
of  this  class.  The  vapour  is  then  returned  to  a  vessel  containing  sul- 
phiuic  acid,  by  which  it  is  once  more  absorbed,  to  be  subsequently 
again  expelled  or  driven  ofiF  therefrom  by  heat,  and  to  pass  through  the 
same  cycle  of  operations  as  before. 

Those  machines  wherein  a  refrigerating  agent  is  used,  which  con- 
sists of  a  compound  or  dual  liquid,  one  of  which  is  capable  of  liquefac- 
tion at  a  comparatively  low  pressure,  taking  the  other  or  second  one 
into  solution  by  absorption;  or,  in  which  the  refrigerating  agent  i» 
liquefied  partly  by  absorption  and  partly  by  mechanical  compression, 
are  said  to  work  on  what  is  usually  known  as  the  binary  or  dual  ab- 
sorption system. 

Johnson  and  Whitelaw's  machine  is  designed  for  use  with  bisul- 
phide of  carbon.  This  refrigerating  agent  is  first  vaporised,  and  with 
the  air  introduced  by  the  force-pump  is  passed  through  chambers 
charged  with  oil,  by  which  the  bulk  of  the  moisture  of  the  gas  is  taken 
up  or  absorbed,  provision  being  made  for  extracting  that  of  the  air 
by  passing  it  through  a  pipe  leading  to  the  air-pump,  which  pipe  is  par- 
tially filled  with  chloride  of  calcium. 

Pictet's  refrigerating  agent  consists  in  a  combination  of  car- 
bon dioxide  and  sulphur  dioxide,  which  forms  a  liquid  having  a  vapour 
tension  much  less  than  that  of  carbon  dioxide,  or  even  of  sulphur  di- 
oxide, at  temperatures  above  78°  Fahr.  An  improved  cooler  or  refri- 
gerator patented  by  Pictet  in  1887,  which  can  be  employed  either  with 
a  compression  or  an  absorption  machine,  has  been  already  briefly  de- 
scribed on  page  83. 
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In  Nicolli  and  Mort's  machine  the  refrigerating  agent  used  is 
ammonia.  The  apparatus  consists  essentially  in  three  main  parts,  viz., 
an  evaporator,  a  pump,  and  an  absorber,  and  the  operation  is  as 
follows : — ^ 

The  evaporator  or  generator  is  first  charged  with  strong  ammoniacal 
liquor,  vaporisation  being  affected  by  reducing  the  pressure  through  the 
action  of  the  pump,  and  heat  being  abstracted  thereby  from  the  liquor 
to  be  cooled  in  the  usual  manner;  the  evaporator  or  generator  thus  per- 
forms a  dual  office  inasmuch  as  it  also  acts  as  the  refrigerator. 

The  weak  or  exhausted  liquor  passes  out  at  the  bottom  of  the 
evaporator  and  is  conducted  through  suitable  pipes  to  the  pump,  where 
it  meets  the  ammonia  gas  or  vapour,  and,  together  with  the  latter,  is 
pumped  into  coolers,  sufficient  pressure  being  applied  to  liquefy  the 
vapour,  and  cause  a  re-dissolution  thereof;  the  strong  solution  is  then 
returned  to  the  evaporator,  passing  on  its  way  through  an  interchanger 
wherein  its  temperature  is  reduced  by  that  of  the  cold,  exhausted,  or 
weak  liquor  also  passing  there — ^through  to  the  pump. 

De  Motay  and  Rossi  use  as  a  refrigerating  agent  a  mixture  of 
common  ether  and  sulphur  dioxide  or  sulphurous  acid  (SOg),  which 
compound  is  known  as  ethylo-sulphurous  dioxide.  It  was  found  by 
experiments  that,  at  ordinary  temperatures,  liquid  ether  has  the  power 
of  taking  up  or  absorbing  large  volumes  of  sulphur  dioxide,  amounting 
to  as  much  as  three  hundred  times  its  own  bulk,  the  tension 
of  the  vapour  given  off  from  the  dual  liquid  being  below  that  of  the 
atmosphere  at  a  temperature  of  60°  Fahr. 

The  two  liquids  are  evaporated  in  the  refrigerator  by  reducing 
the  pressure  through  the  action  of  the  air-pumps.  The  pressure  in  the 
condenser  is  at  no  time  in  excess  of  that  required  to  cause  a  liquefac- 
tion of  the  ether.  The  capacity  of  the  pump  need  not  be  so  large 
as  that  which  would  be  necessary  were  ether  employed  by  itself,  but 
it  is  necessarily  somewhat  more  than  that  demanded  for  pure  sulphur 
dioxide. 

De  Motay  and  Rossi's  apparatus  is  said  to  have  given  very  good 
results  in  the  United  States,  where  it  has  been  used  for  a  number  of 
years. 
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Machines  on  the  cold-air  system,  that  is  to  say,  which  abstract  heat 
by  first  compressing  air  or  other  gas,  cooling  same,  and  afterwards 
permitting  it  to  expand,  or  by  first  applying  heat  in  order  ultimately  to 
produce  cold,  operate  on  a  principle  which  is  one  of  the  simplest  in 
physics,  viz.,  that  the  compression  of  air  or  other  gas  generates  heat, 
and  the  subsequent  expansion  thereof  cold. 

Mechanical  work  and  heat  being  respectively  convertible,  it  follows 
that  should  a  gas  be  caused  to  perform  certain  work  on  a  piston 
during  expansion,  its  store  of  caloric  will  be  exhausted  thereby  to  a 
degree  equal  to  the  thermal  equivalent  of  the  work  done,  the  gas  after 
expansion  being  at  a  lower  temperature  than  it  was  before  expansion, 
that  is,  provided  always  no  heat  is  supplied  from  any  other  source  to 
restore  that  so  lost. 

Machines  of  this  kind  or  class,  although  they  have  been  used  from 
time  to  time  for  cooling  hydrocarbons  of  a  volatile  nature,  are  more 
generally  employed  with  ordinary  atmospheric  air  only,  hence  the}'  are 
conmionly  known  as  cold-air  machines. 

There  have  been  several  notable  improvements  made  in  cold-air 
machines  during  the  last  few  years,  practically  removing  most  of  the  old 
defects,  and,  in  the  author's  opinion,  putting  them  quite  to  the  fore- 
front for  the  refrigeration  of  food-stuffs,  and  the  smaller  sized  plants 
giving  results  which  have  hitherto  been  thought  impossible,  thus 
enabling  them  to  compare  favourably  for  power,  efficiency,  and  upkeep, 
with  machines  using  chemical  agents.  Cole's  Patent  "  Arctic  "  Cold- Air 
Machine,  which  will  be  found  illustrated  and  described  in  this  chapter, 
is  of  the  most  recent  type,  and  embodies  some  important  improvements ; 
the  chief  amongst  these  being  that  all  moisture  is  automatically  ex- 
tracted from  the  compressed  air  before  expansion,  thus  obviating  the 
difficulties  that  were  exi>erienced  in  earlier  machines  of  this  class, 
in  the  valves  becoming  clogged  with  frozen  moisture.  Figures  are 
given  on  page  220  showing  the  results  of  tests  taken  by  the  author 
from  the  "  Arctic  "  machines  as  against  those  of  earlier  types ;  but  in 
addition  to  the  better  results  obtained  in  power  and  efficiency,  the 
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freedom  from  snow  and  moisture  is  the  great  consideration  in  the  pre- 
servation of  comestibles. 

The  advantages  of  cold-air  machines  are  : — First,  that  no  chemicals 
of  any  description  are  required,  consequently  their  employment  is  not 
attended  by  constant  dangers  from  possible  explosions  and 
fires,  or  loss  of  life  through  the  accidental  escape  of  deadly  gases. 
Very  low  temperatures  can  be  rapidly  obtained  by  their  use.  Their 
construction  is  comparatively  simple,  and  their  application  is  easy. 
The  entire  machine  is  situated  externally  to  the  chamber  or  store  being 
refrigerated,  and  every  part  thereof  is  consequently  accessible  at  all  times. 

A  matter  of  the  greatest  importance  with  cold-air  machines  was  to 
ascertain  to  what  degree  any  water  that  might  be  present,  either  in  the 
form  of  steam  or  mist,  or  of  actual  liquid,  might  afifect  the  heating  or 
cooling  of  air,  and  alter  the  working  of  the  machine,  besides  the  forma- 
tion of  snow  and  ice,  which  unavoidably  resulted  therefrom,  and  which 
was  a  most  objectionable  feature  in  early  machines. 

On  this  head  Mr.  Lightfoot  observes,*  "  The  important  fact  to  be 
noted  in  this  investigation  is,  that  air  at  constant  pressure,  having  free 
access  to  water,  will  hold  a  diflferent  quantity  of  water  in  solution  or 
steam  at  each  different  temperature;  or  conversely  the  temperature  of 
the  '  dew  point '  for  any  body  of  air  varies  with  each  quantity  of  water 
held  in  solution  by  it.  The  hotter  the  air,  the  more  water  can  be 
held  without  depositing.     (See  table  on  page  495.) 

"  Thus,  if  air  is  highly  heated  by  compression,  and  water  is  then 
admitted  to  it,  in  the  form  of  spray  or  injection,  it  will  take  up  much 
more  water  before  becoming  saturated  than  it  could  have  held  before 
it  was  thus  heated.  Again,  if  air  under  compression  and  saturated 
with  vapour  is  allowed  to  expand,  a  large  quantity  of  such  vapour  will 
condense  and  freeze  into  snow,  thereby  giving  up  a  large  quantity  of 
heat  to  the  air,  which  air  is,  in  consequence,  cooled  less  than  it  would 
have  been  had  it  been  dry  air  to  start  with.  This  freezing  is  also  a 
serious  practical  evil,  from  the  deposition  of  ice  about  the  valves  and 
in  the  air  passages,  which  necessitates  frequent  stoppages  even  in  small 
machines. 

"  Various  means  have  been  devised  for  ridding  the  air  more  or 
less  completely  of  its  contained  moisture  by  employing  some  chemical 
material,  such  as  chloride  of  calcium  or  sulphuric  acid,  which  is  a 
powerful  absorbent  of  water.  But,  in  the  AutlTor's  opinion,  the  use  of 
such  chemicals  as  are  known  to  him  is  inadmissible,  except  perhaps 
for  small  machines,  or  for  those  working  under  special  conditions, 
because  of  the  trouble  which  would  be  experienced  in  changing  the 
•  "Proceedings,  Institution  of  Mechanical  Engineers,"  1881. 
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material  and  evaporating  off  the  water  it  has  absorbed,  so  as  to  render 
it  again  fit  for  use." 

In  a  subsequent  paper  *  the  following  particulars  are  given  by  the 
same  authority  as  the  result  of  his  very  extensive  experience  in  the 
working  of  machines  of  this  class : — "  The  amount  of  aqueous  vapour 
present  in  the  atmosphere  varies  from  that  required  to  produce  satura- 
tion down  to  about  one^fifth  of  that  quantity.  At  any  given  tempera- 
ture a  volume  of  saturated  air  can  contain  only  one  definite  amount 
of  vapour  in  solution;  and  if  from  any  cause  additional  moisture 
be  present,  it  cannot  exist  as  vapour,  but  appears  as  water  in  the  form 
of  fog  or  mist.  The  temperature  of  saturation,  or  dew  point,  varies 
according  to  the  quantity  of  vapour  in  solution ;  the  smaller  the  quan- 
tity, the  lower  being  the  dew  point.  The  capacity  of  air  for  holding 
moisture  is  also  affected  by  pressure,  a  diminution  in  volume  under 
constant  temperature  reducing  this  capacity  in  direct  proportion. 

"Jn  the  former  paper  reference  was  made  to  various  means  that 
had  been  devised  for  ridding  the  air  more  or  less  completely  of  its 
contained  moisture,  in  order  to  obviate  as  much  as  possible  the 
practical  evils  resulting  from  its  condensation  and  freezing;  this  being 
at  the  time  considered  one  of  the  most  important  points  in  the  con- 
struction of  cold-air  machinery.  Since  then,  however,  experience  has 
demonstrated  that  these  evils  were  much  exaggerated,  and  that  the 
condensation  of  the  vapour  and  deposition  of  the  moisture  in  the 
ordinary  cooling  process  after  compression,  which  is  common  to  every 
cold-air  machine,  are  amply  sufficient  to  prevent  any  serious  deposi- 
tion of  ice  about  the  valves  and  in  the  air  passages :  provided,  firstly, 
that  these  valves  and  passages  are  well  proportioned;  and,  secondly, 
that  proper  means  are  adopted  for  obtaining  in  the  coolers  a  deposi- 
tion of  the  condensed  vapour,  which  would  otherwise  pass  with  the 
air  into  the  expansion  cylinder  in  the  form  of  fog,  and  become  con- 
verted into  ice. 

"  Reference  to  the  table  (page  495)  shows  that,  if  the  compressed 
air  be  thoroughly  deprived  of  its  mechanically  suspended  moisture, 
the  amount  of  vapour  entering  the  expansion  cylinder  is  extremely 
small.  Another  matter  from  which  the  mystery  has  now  been  dispelled 
is  the  meaning  of  the  term  *  dry '  air,  so  much  used  by  the  makers  of 
cold-air  machinery;  this  being  a  point  that  was  just  touched  upon 
towards  the  close  of  the  discussion  upon  the  previous  paper.  No 
doubt  it  is  still  to  a  great  extent  popularly  supposed  that,  unless  the  air 
be  subjected  in  the  machine  to  some  special  drying  process,  it  will  be 
delivered  from  the  expansion  cylinder  in  a  moist  or  damp  state,  and  in 
•  **  Proceedings,  Institute  of  Mechanical  Engineers,"  pp.  225,  226;   188 
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consequence  be  unfitted  for  use  in  the  preservation  of  perishable  food 
and  for  other  purposes.  But  no  such  state  could  really  exist;  for 
whether  the  air  be  specially  *  dried  '  or  not,  its  humidity  when  delivered 
from  the  expansion  cylinder  is  precisely  the  same,  so  long  as  its  tem- 
perature and  pressure  remain  the  same,  inasmuch  as  in  practice  it  is 
always  in  a  saturated  condition  for  that  pressure  and  temperature. 
The  difiFerence  lies  in  the  amount  of  ice  formed^  which  of  course  is 
greater  if  the  amount  of  moisture  entering  the  expansion  cylinder 
is  greater;  but  this  quantity,  it  has  been  already  stated,  may,  in  the 
author's  opinion,  be  brought  down  within  perfectly  convenient  limits 
by  a  proper  construction  of  the  cooling  vessels.  In  his  latest  machines, 
therefore,  all  special  drying  apparatus  has  been  dispensed  with,  the  air 
being  simply  compressed,  passed  through  a  surface  cooler,  and  ex- 
panded back  to  atmospheric  pressure." 

The  invention  of  the  cold-air  machine  is  ascribed  to  Gorrie,  who  is 
said  to  have  designed  the  first  machine  of  this  class  in  1849.  In 
Gorrie's  machine  the  cooling  water  is  injected  into  the  compression 
cylinder,  and  brine  to  be  refrigerated  or  cooled  into  a  jacket  surround- 
ing an  expansion  cylinder.  His  apparatus  consists  essentially  of  a 
double-action  pump  or  compressor,  a  cooler  connected  with  a  com- 
pressed air  vessel  or  reservoir,  and  a  jacketed  auxiliary  pump.  The 
operation  of  the  machine  is  as  follows:  Water  is  injected  into  the 
compressor  cylinder  at  each  stroke,  on  the  side  of  the  piston  on  which 
condensation  or  compression  is  taking  place.  The  compressed  air 
is  then  led  through  a  worm  or  coil  in  the  cooler  to  the  compressed 
air  vessel  or  reservoir,  from  whence  it  is  admitted  to  the  auxiliary 
pump,  which  latter  is  driven  by  the  expansion  thereof.  Through 
the  jacket  surrounding  this  auxiliary  pump  a  circulation  of  brine  or 
other  non-congealable  fluid  is  maintained,  which  brine  is  cooled 
by  the  expansion  of  the  air  in  the  pump  cylinder,  and  which  in  turn 
reduces  the  temperature  of  an  ice-making  tank  situated  above  the 
latter  to  the  requisite  degree. 

Imperfect  cooling  of  the  air  after  compression,  combined  with  the 
damp  condition  of  the  air,  caused  the  failure  of  this  machine  to  act  in 
a  satisfactory  manner. 

The  next  advance  was  made  by  Dr.  Alexander  Kirk  in  1863.  Dr. 
Kirk's  machine  has  three  cylinders,  viz.,  one  for  compressing  the  air 
and  two  for  the  expansion  thereof,  all  three  of  which  have  reciprocating 
motion  imparted  to  their  pistons  by  a  single  crank.  One  of  the 
expansion  cylinders  is  connected  to  each  end  of  the  compressor,  thus 
actually  forming  two  distinct  systems.  The  pistons  of  the  expansion 
cylinders  are  hollow  and  are  perforated  by  a  number  of  small  holes. 
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and  fitted  internally  with  filters  consisting  of  several  layers  of  very  fine 
wire  gauze,  the  reciprocating  action  of  the  pistons  alternately  causing 
air  to  pass  through  these  perforations  and  filters,  and  drawing  back 
the  air. 

The  operation  of  the  machine  is  as  follows : — The  air  is  com- 
pressed between  the  piston  of  the  compressor,  during  its  stroke  in  one 
direction,  and  one  of  the  expansion  cylinder  pistons,  the  heat  of  com- 
pression being  carried  off  by  a  suitable  water-jacket  provided  round 
the  expansion  cylinder.  On  the  descent  of  the  expansion  piston, 
the  air  passes  through  the  perforations,  parting  with  some  more  of  its 
heat  whilst  traversing  the  sheets  or  layers  of  wire  gauze,  and  finally 
expanding  in  the  upper  portion  of  the  cylinder  and  performing 
work  upon  the  descending  piston.  The  cold  air  is  caused  to 
abstract  heat  from  brine  which  circulates  round  the  top  cover  of  the 
expansion  cylinder,  and  through  a  number  of  hollow  corrugations. 
The  operation  of  the  second  or  other  expansion  cylinder  which  is 
connected  to  the  opposite  end  of  the  compression  cylinder  is,  of  course, 
identical. 

This  machine  can  be  worked  up  to  a  pressure  of  200  lbs.  per  square 
inch,  and  a  temperature  of  —39°  Fahr.  has  been  obtained. 

In  1869  a  cold-air  machine  adapted  to  compress  air  in  stages  was 
invented  by  Marchant.  In  his  apparatus  the  air  passes  first  into  one 
cylinder,  wherein  it  is  compressed,  and  is  then  exhausted  into 
another  cylinder  of  smaller  dimensions  in  which  it  is  still  further 
compressed. 

Giffard's  first  (1873)  machine  is  so  arranged  that  the  air  mingles 
in  the  compression  cylinder  with  sprayed  water,  which  becomes 
vaporised  by  the  heat  of  compression,  and  renders  the  heat 
latent.  The  discharge  valve  from  the  expansion  cylinder  is  heated 
in  the  piston,  and  is  so  adjusted  that  it  will  open  automatically 
upon  the  pressure  in  the  cylinder  falling  below  a  predetermined  point, 
the  air  then  passing  through  to  the  other  side  of  the  piston,  and  after- 
wards to  the  refrigerator. 

In  the  same  year  (1873)  Postle  designed  a  machine  which  was 
practically  a  modification  of  Kirk^s  cold-air  machine.  As  in  the  latter 
the  compression  cylinder  is  connected  at  each  end  to  an  expansion 
cylinder,  but  the  pistons  of  the  expansion  cylinders,  which  ^je^each 
composed  of  an  upper  part  of  smaller  diameter  and  a  lower  part  of 
larger  diameter,  are  so  arranged,  that  when  the  compressor  piston 
starts  upon  its  stroke  in  either  direction,  the  valve  connected  with 
that  end  of  the  compressor  is  forced  upon  its  inner  seat,  and  the  air 
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pressure  moves  that  particular  expansion  piston  to  the  inner  end  of 
its  cylinder,  the  valve  being  opened  outwardly,  however,  before 
the  end  of  its  stroke  by  its  projecting  spindle  striking  against  the 
inner  cylinder  end,  and  the  latter  part  of  the  compression  taking  place 
in  a  small  space  cooled  by  a  water-jacket,  and  wherein  the  heat  of 
compression  is  carried  off.  Upon  the  reverse  stroke  of  the  piston 
the  valve  is  raised  against  its  outer  seat  by  the  current  of  air 
passing  through  the  circumscribed  passage  around  it,  and  a  partial 
vacuum  having  been  formed  above  the  small  portion  of  the  expansion 
piston,  the  latter  is  moved  outwardly  by  the  unbalanced  pressure  in 
the  expansion  cylinder,  the  cooled  compressed  air  passing  through  the 
piston  to  the  inner  portion  of  the  cylinder. 

Similarly,  however,  to  the  action  on  the  inward,  the  valve  is 
opened  before  the  end  of  the  outward  stroke  of  the  piston  by  the 
other  extremity  of  its  spindle  coming  in  contact  with  the  top  of  the 
cylinder,  but  this  time  outwardly,  and  the  air  in  the  inner  portion  is 
thus  expanded,  and  at  the  same  time  performs  work  on  the  compressor 
piston.  The  air  reduced  in  temperature  during  expansion  cools  brine 
circulating  through  a  jacket  which  also  forms  the  inner  cylinder  head 
of  both  expansion  cylinders,  the  latter  being  placed  end  to  end. 

The  great  improvement  in  this  machine  is  that  the  bulk  of  the 
compression  is  performed  during  the  period  wherein  the  compressor 
is  in  connection  with  the  water-cooled  spaces,  and  most  of  the 
expansion  whilst  the  compressor  is  exhausting  from  the  spaces 
in  contact  with  the  brine  circulation. 

A  very  decided  advance  was  next  made  by  Windhausen,  for  whose 
improved  cold-air  machine  a  German  patent  was  granted  about  this 
time.  The  characteristic  feature  of  his  apparatus,  is  the  improved 
method  by  which  the  air,  that  had  become  heated  by  compression, 
is  first  cooled  in  a  series  of  condensers  or  coolers  by  means  of  a 
circulation  of  cold  water,  and  is  then  passed  into  a  chamber  where 
expansion  or  dilation  takes  place  behind  a  piston.  That  is  to  say, 
in  point  of  fact  expansion  is  effected  by  the  simultaneous  action  of 
the  machine  before  the  air  is  utilised  for  refrigerating  purposes. 

The  original  Windhausen  cold-air  apparatus  is  shown  in  plan  and 
side  elevation  Figs.  104  and  105,  by  which  the  principle  of  the 
machine  is  sufficiently  clearly  illustrated  to  render  an  extended  de- 
scription thereof  unnecessary.  On  the  drawing,  a  indicates  the  com- 
pression cylinder,  b  the  expansion  cylinder,  c  the  steam  engine  or  other 
motor  for  operating  the  machine,  and  d,  d^  d*,  the  condensers  or 
coolers  through  which  a  constant  current  of  cold  water  is  maintained 
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for  cooling  purposes.  The  cylinders  a  and  b  are  airanged  tandeni 
fashion,  and  are  worked  simultaneously  from  the  engine  crank-shaft  E, 
through  the  crank  e',  and  connecting  rod  f. 

The  air  enters  the  compression  cylinder  a  through  the  inlet  a',  as 


indicated  by  the  arrows,  and  after  compression  the  current  passes 
through  the  pipe  a'  to  the  first  condenser  or  cooler  D,  from  which  it  is 
conducted  successively  to  the  coolers  d',  d',  and  from  the  latter  to  the 
expansion  cylinder  b,  as  shown  by  the  anows. 
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I  Within  the  coolers  or  condensers  d,  d',  d',  arc  arranged  a  series 
of  pipes  through  which  the  blast  passes,  aad  around  which  a  constant 


circulation  ot  cold  water  is  kept  up,  the  latter  entering  the  cooler  d' 
at  a  suitable  inlet,  and  flowing  through  ihe  coolers  in  the  opposite 
direction  to  the  compressed  air.     A  portion  of  the  heat  that  has  been 
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imparted  by  compression  is  thus  extracted,  and  the  compressed  air, 
which  is  at  a  temperature  only  a  few  d^rees  above  that  of  its  natural 
state,  is  led  into  the  expansion  cylinder  b,  wherein  the  expansion  is 
effected  under  a  gradually  decreasing  pressure,  which  latter  is  auto- 
matically regulated  by  valves  operated  by  the  simple  expansive  force 
of  the  compressed  air  itself. 

Were  the  air  to  be  dilated  to  its  normal  volume  it  is  clear  that  an 
amount  of  heat  equal  to  that  which  has  been  abstracted  or  taken  up  by 
the  cold  water  in  the  coolers  would  be  required ;  as  this,  however,  can 
be  only  partially  returned  by  the  small  volume  of  air  within  the  expan- 
sion cylinder,  a  low  degree  of  temperature  is  immediately  obtained, 
which  is  more  and  more  reduced  with  each  stroke  of  the  compressor,  as 
the  original  air  in  the  expansion  cylinder  is  replaced  by  the  cooled 
compressed  air. 

From  the  compression  cylinder  b  the  air  is  conducted  to  the  space 
to  be  cooled,  escaping  with  a  velocity  sufficient  to  admit  of  the  current 
being  conducted  for  300  ft.  through  a  channel  2  ft.  in  diameter,  the 
temperature  at  the  orifice  of  the  latter  being  from  —  30°  to  —  35° 
Fahr.,  or  from  62^  to  67°  of  frost.  It  has  not  been  found  advisable 
however,  in  practice,  to  employ  a  conduit  of  this  excessive  length. 

In  the  apparatus  shown  the  dimensions  of  the  compression  cylinder 
are  such  that  at  each  stroke  of  the  piston  35  cubic  ft  of  air,  and  at 
every  complete  revolution  of  the  engine  70  cubic  ft.  of  air,  are  com- 
pressed, being  reduced  to  the  extent  of  from  two-and-a-half  volumes  to 
one  volume,  or  to  a  pressure  of  35  lbs.  per  square  inch;  thus,  at  a 
speed  of  36  revolutions  per  minute,  over  150,000  ft.  of  cubic  air  will 
be  compressed  per  hour. 

From  actual  experiments  it  was  found  that  with  the  air  entering  the 
compression  cylinder  at  a  temperature  of  80*^  Fahr.,  it  rose  after  com- 
pression to  205**,  thus  giving  a  gain  of  125°,  inasmuch  as  this  acquired 
heat  is  subsequently  got  rid  of  in  the  condensers  or  coolers  and  expan- 
sion cylinder ;  and  an  atmosphere  is  thus  obtained  which,  whilst  under  a 
tension  of  two-and-a-half  atmospheres,  is  almost  at  the  same  tempera- 
ture as  the  air  previous  to  treatment,  the  expansive  force,  and  effect,  of 
a  volume  two-and-a-half  times  larger,  being  at  the  same  time  retained. 

Fig.  106  is  a  vertical  central  section  illustrating  a  modified  arrange- 
ment of  Windhausen's  cold-air  machine,  wherein  a  single  cylinder  is 
used  for  compression  and  expansion,  the  air  being  condensed  or  com- 
pressed at  one  side  of  the  piston,  and  expanded  on  the  other.  Two 
coolers  are  provided,  situated  in  the  bed  of  the  machine,  one  of  which 
is  cooled  by  a  circulation  of  cold  water,  and  the  other  by  the  expansion 
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of  ths  compressed  air.  The  refrigerator  is  situated  above  the  compres- 
sing and  expansion  cylinder,  and  receives  the  expanding  air  from  the 
expansion  side  of  the  cylinder  through  a  temperature  regulator. 

In  the  drawing  a  is  the  compression  side  of  the  cylinder,  and  r  is 
the  expansion  side  thereof ;  c  is  the  piston,  which  is  formed  hollow  and 
filled  with  non-conducting  material  c' ;  d  is  the  cooler,  through  which 
a  circulation  of  cold  water  is  kept  constantly  flowing,  and  which  is 
connected  to  the  compression  side  a  of  the  cylinder  through  the  pipe 
or  tuhe  d'  and  valve  d',  and  e  is  the  second  cooler,  which  is  connected 
to  the  first  cooler  i>,  and  to  which  a  certain  amount  of  the  expanding 
compressed  air  from  the  expansion  side  of  the  pump  is  admitted  for 
cooling  purposes.  The  tubes  in  both  the  coolers  d  and  E,  through 
which  the  compressed  air  passes  from  the  compression  side  a  of  the 
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cylinder,  communicate  through   the  pipe  or  tube  e'  and  valve  e'  with 
the  expansion  side  b  thereof. 

p  is  the  ice-making  tank  or  refrigerator,  and  G,  g,  are  the  ice-cans  or 
caiCj.  The  ice-making  tank  f  consists  of  a  double-cased  rectangular 
wooden  box  or  s-essel,  the  spaces  ijetween  the  outer  and  inner  cases  of 
which  are  filled  or  packed  with  loose  cotton,  or  other  suitable  non- 
conductor of  heat.  The  cover,  which  is  formed  of  a  single  thickness 
of  wood,  is  pierced  with  holes  in  which  are  fixeii  metallic  cases  or 
pockets  for  receiving  the  ice-cans  g,  f',  f',  are  zig-zag  partitions  ar- 
ranged between  the  rows  of  ice-cans,  so  as  to  cause  the  air  to  come  fully 
into  contact  with  the  metallic  cases  or  pockets  supporting  them,  h  is 
an  india-rubber  bag,  which  acts  to  maintain  an  uniform  pressure  within 
the  ice-making  tank  or  refrigerator  f,  by  admitting  or  giving  out  air  in 
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accordance  as  to  whether  the  pressure  happens  to  be  above  or  below 
that  of  the  atmosphere,  i  is  a  valve  which  is  open  during  the  entire 
compressing  stroke  of  the  piston  c,  and  which  communicates  through 
a  suitable  pipe  or  tube  with  the  temperature  regulator,  from  which 
a  portion  of  the  expanding  air  passes  to  the  ice-making  tank  or  refri- 
gerator through  a  tube  communicating  therewith  through  the  aperture 
F*,  the  remainder  being  delivered  through  another  pipe  or  tube  to  the 
space  round  the  compressed  air  tubes  in  the  cooler  e,  through  the 
aperture  or  orifice  e',  with  which  latter  space  the  ice-making  tank  or 
refrigerator  is  likewise  connected  through  a  suitable  pipe  or  tube,  and 
the  apertures  f*,  e*. 

The  temperature  regulator  and  pipes  or  connections  are  situated  at 
the  rear  of  the  apparatus,  and  are  not  shown  in  the  drawing.  The 
compression  side  a  of  the  cylinder  is  also  connected  with,  and  derives 
its  supply  of  air  from,  the  expanded  air  space  in  the  cooler  e  through 
a  suitable  pipe  opening  into  the  latter  at  e*,  and  communicating  with 
the  former  through  the  valve  k. 

The  operation  of  the  apparatus  is  as  follows,  that  is  to  say :  The 
{nston  C,  during  its  forward  or  compression  stroke,  compresses  the 
air  contained  in  the  compression  side  a  of  the  pump  cylinder,  and  under 
the  pressure  of  this  air  the  valve  d*  opens,  and  the  latter  passes 
through  the  pipe  or  tube  d*  to  the  water-cooled  tubes  of  the  first  cooler, 
D,  from  which  it  then  passes  to  the  air-cooled  tubes  of  the  second 
cooler  E.  The  cool  compressed  air  next  flows  into  the  pipe  or  tube  e*, 
and  is  admitted  through  the  valve  E^to  the  expansion  side  b  of  the  pump 
cylinder  during  a  portion  of  the  stroke,  when  the  said  valve  e'  is  closed, 
and  the  air  expands  in  the  said  chamber  b  during  the  remainder  of  the 
stroke.  The  cooled  and  expanded  air  flows  out  of  the  expansion 
chamber  b  through  the  valve  i,  during  the  entire  return  or  back  stroke 
of  the  piston  c,  to  the  temperature  regulator,  from  whence  a  portion 
of  it  passes  to  the  ice-making  tank  or  refrigerator  f,  and  the  remainder 
to  the  space  round  the  compressed  air  tubes  in  the  second  cooler  e. 
On  the  return  or  back-stroke  of  the  piston  c,  the  air  in  the  space 
round  the  tubes  in  the  second  cooler  e  is  drawn  or  sucked  into  the 
compression  chamber  a  through  the  inlet  valve  k. 

The  improvements  introduced  into  cold-air  machines  in  1877  by 
Bell-Coleman  added  very  considerably  to  their  practical  value.  This 
invention  comprises  suitable  means  for  cooling  the  air,  both  in  and  as 
it  leaves  the  compressor,  by  spray  or  jets  of  water,  and  also  for  drying 
it  again  before  it  is  passed  into  the  expansion  cylinder.  The  latter 
object  is  effected  by  causing  it  to  flow  through  a  set  of  coils,  or  pipes, 
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situated  in  the  chamber  cooled  by  the  machine;  or  by  providing  for 
exposing  these  pipes  to  a  current  of  the  used  or  spent  air  passing  out 
from  the  chamber. 

On  leaving  the  compressor  the  moist  air  is  first  passed  through 
a  chamber  with  perforated  diaphragms,  and  is  then  conducted  to  the 
expansion  cy Under  through  coils  or  pipes  which  have  a  very  extended 
surface,  and  are  cooled  on  the  exterior  to  a  lower  temperature  than 
that  of  the  cooling  water,  thus  still  further  reducing  the  temperature  of 
the  air,  and  inducing  a  deposition  of  moisture. 

A  great  objection  to  this  system  of  cooling  by  internal  injection  is 
the  loss  occasioned  by  the  saturated  condition  in  which  the  air,  even 
when  employed  continuously  over  and  over  again,  is  constantly  de- 
livered to  the  machine. 

In  1877  GifFard  also  greatly  improved  his  (1873)  machine,  and 
brought  it  to  the  form  shown  in  Fig.  107.  In  the  drawing  (which  illus- 
trates the  apparatus  in  side  elevation,  some  of  the  parts  being  shown 
in  vertical  central  section)  A  indicates  the  compression  cylinder  and  b 
the  expansion  cylinder,  which  are  both  of  the  single-acting  tvpe,  and 
open  at  their  upper  ends ;  c  is  the  condenser  or  cooler.  The  inlet  and 
outlet  valves  to  the  expansion  cylinder  b,  as  also  the  inlet  valve  to  the 
compression  cylinder,  which,  as  shown  in  the  drawing,  are  situated  in 
the  lower  ends  to  thes?  cylinders,  are  actuated  through  cams  upcwi  the 
shaft  of  the  machine.  The  outlet  valve  from  the  compression  cylinder 
A  governs  the  delivery  of  the  compressed  air  to  the  lower  end  of  the 
condenser  or  cooler  c,  wherein,  after  passing  through  top  and  bottom 
chambers  or  spaces  and  a  central  series  or  set  of  vertical  water-cooled 
tubes,  it  is  delivered  through  a  suitable  pipe  to  the  inlet  valve  of  the 
expansion  cylinder,  from  which  latter,  after  doing  work  upon  the  ex- 
pansion piston,  during  its  upward  stroke,  it  is  discharged  during  its 
return  or  downward  stroke  through  the  outlet  valve  (shown  on  the 
right-hand  side)  arui  led  away  through  a  suitable  pipye  to  perform  its 
cooling  office  where  desireH.  The  compression  cylinder  a  is  jacketed, 
and  the  heat  generated  during  compression  removed  as  far  as  possible 
by  a  circulation  of  cold  water. 

In  operation  the  air  which  enters  the  compression  cylinder  a 
through  the  inlet  valve  (shown  on  the  right-hand  side)  is  first  com- 
pressed up  to  the  normal  pressure  existing  in  the  condenser  or  cooler 
c,  when  the  outlet  valve  lifts  and  admits  of  its  being  passed  into  the 
latter,  wherein  it  is  cooled  and  dried  by  contact  with  the  water-cooled 
tubes.  The  valve  regulating  the  admission  of  compressed  air  to  the 
expansion  cylinder  B  is  so  arranged  that  it  will  admit  to  the  latter  an 
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amount  of  air  equal  to  that  which  is  being  forced  into  the  condenser 
or  cooler  c  during  the  downward  or  compression  stroke  of  the  compres- 
sor piston,  thus  tending  to  maintain  an  equality  of  pressure  in  the 


condenser.  The  pistons  are  thus  cnnstanlly  moving  in  opposite  direc- 
tions, that  of  the  expansion  cylinder  being,  however,  a  quarter  stroke 
in  advance  of  that  of  the  compressor.     During  the  upward  stroke  of  the 
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expansion  piston,  the  inlet  valve  from  the  condenser  or  cooler  c 
(shown  on  the  left-hand  side)  remains  closed,  the  expanding  air  jjer- 
forming  a  portion  of  the  work  of  driving  the  machine;  whilst  on  the 
down  stroke  the  outlet  or  exhaust  valve  (shown  on  the  right-hand  side) 
opens,  so  as  to  admit  of  the  cooled  air  passing  through  the  discharge 
pipe,  by  which  it  is  led  away,  as  above  mentioned,  to  perform  its  cool- 
ing or  refrigerating  office  where  required. 

A  form  of  cold-air  machine  was  designed  by  Hargreaves  and  Inglis 
in  1878,  wherein  they  dispensed  with  the  use  of  separate  compression 
and  expansion  cylinders,  employing  instead  a  single  cylinder  having  two 
pistons  connected  by  means  of  a  trunk.  The  inlet  and  outlet  valves, 
which  are  of  the  Corliss  pattern,  are  arranged  to  be  operated  through 
suitable  eccentrics  on  the  main  shaft  of  the  machine. 

In  Tuttle  and  Lugo's  machine  the  air  is  forced  after  compression 
through  a  set  or  series  of  tubes  in  a  cylindrical  or  tubular  chamber  or 
vessel,  which  is  cooled  by  a  constant  circulation  of  cold  water,  and 
through  a  similar  set  of  tubes  in  a  chamber  or  vessel,  wher«n  the  latter 
are  surrounded  by  a  volatile  liquid.  After  leaving  this  second  vessel 
the  air  is  allowed  to  expand  into  the  refrigerator  or  ice-making  tank, 
rising  through  some  such  volatile  liquid  as  ether  or  bisulphide  of 
carbon,  which  is  placed  in  the  bottom  of  the  latter,  and  the  air  and  the 
vapour  from  the  volatile  liquid  fill  the  interior  of  the  refrigerating 
chamber  surrounding  the  ice  cans  or  cases,  and  freeze  or  congeal  the 
water  therein.  A  bye-pass  is  also  provided  through  which  the  com- 
pressed air  can  be  conducted  direct  to  the  ice-making  tank  or  refri- 
gerator. 

Lugo  and  McPherson's  apparatus  comprises  a  blower,  the  air  from 
which  is  forced  through  a  cooler  consisting  of  a  chamber  filled  with 
some  suitable  porous  material  kept  saturated  with  water.  The  cooled 
air  is  then  passed  into  a  compressor,  the  upper  part  of  which  is  kept 
full  of  water,  which  serves  to  keep  it  cool  and  also  to  prevent  leakage 
of  the  air  past  the  piston.  From  the  compressor  the  air  is  led 
to  a  cooler,  and  from  this  to  a  compressed  air  reservoir  or  vessel,  from 
which  latter  it  is  in  turn  admitted  to,  and  allowed  to  expand  in,  the 
interior  of  a  large  ice-making  tank  or  chamber,  having  non-conducting 
walls  and  rails  for  cars  carrying  the  ice-cans  or  cases.  The  piston  of 
the  compressor  is  worked  by  La  Hire's  epicycloidal  device. 

Hick  Hargreaves'  machine  is  of  the  double-acting  horizontal  type, 
water  being  injected  into  the  compressor  at  each  stroke  for  cooling 
purposes.  After  compression  it  is  passed  through  a  series  of  re- 
ceivers wherein  the  watery  particles  carried  over  are  deposited,  after 
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expansion  piston,  the  inlet  valve  from  the  condenser  or  cooler  c 
(shown  on  the  left-hand  side)  remains  closed,  the  expanding  air  per- 
forming a  portion  of  the  work  of  driving  the  machine;  whilst  on  the 
down  stroke  the  outlet  or  exhaust  valve  (shown  on  the  right-hand  side) 
opens,  so  as  to  admit  of  the  cooled  air  passing  through  the  discharge 
pipe,  by  which  it  is  led  away,  as  above  mentioned,  to  perform  its  cool- 
ing or  refrigerating  office  where  required. 

A  form  of  cold-air  machine  was  designed  by  Hargreaves  and  Inglis 
in  1878,  wherein  they  dispensed  with  the  use  of  separate  compression 
and  expansion  cylinders,  employing  instead  a  single  cylinder  having  two 
pistons  connected  by  means  of  a  trunk.  The  inlet  and  outlet  valves, 
which  are  of  the  Corliss  pattern,  are  arranged  to  be  operated  through 
suitable  eccentrics  on  the  main  shaft  of  the  machine. 

In  Tut  tie  and  Lugo's  machine  the  air  is  forced  after  compression 
through  a  set  or  series  of  tubes  in  a  cylindrical  or  tubular  chamber  or 
vessel,  which  is  cooled  by  a  constant  circulation  of  cold  water,  and 
through  a  similar  set  of  tubes  in  a  chamber  or  vessel,  wherein  the  latter 
are  surrounded  by  a  volatile  liquid.  After  leaving  this  second  vessel 
the  air  is  allowed  to  expand  into  the  refrigerator  or  ice-making  tank, 
rising  through  some  such  volatile  liquid  as  ether  or  bisulphide  of 
carbon,  which  is  placed  in  the  bottom  of  the  latter,  and  the  air  and  the 
vapour  from  the  volatile  liquid  fill  the  interior  of  the  refrigerating 
chamber  surrounding  the  ice  cans  or  cases,  and  freeze  or  congeal  the 
water  therein.  A  bye-pass  is  also  provided  through  which  the  com- 
pressed air  can  be  conducted  direct  to  the  ice-making  tank  or  refri- 
gerator. 

Lugo  and  McPherson's  apparatus  comprises  a  blower,  the  air  from 
which  is  forced  through  a  cooler  consisting  of  a  chamber  filled  with 
some  suitable  porous  material  kept  saturated  with  water.  The  cooled 
air  is  then  passed  into  a  compressor,  the  upper  part  of  which  is  kept 
full  of  water,  which  serves  to  keep  it  cool  and  also  to  prevent  leakage 
of  the  air  past  the  piston.  From  the  compressor  the  air  is  led 
to  a  cooler,  and  from  this  to  a  compressed  air  reservoir  or  vessel,  from 
which  latter  it  is  in  turn  admitted  to,  and  allowed  to  expand  in,  the 
interior  of  a  large  ice-making  tank  or  chamber,  having  non-conducting 
walls  and  rails  for  cars  carrying  the  ice-cans  or  cases.  The  piston  of 
the  compressor  is  worked  by  La  Hire's  epicycloidal  device. 

Hick  Hargreaves'  machine  is  of  the  double-acting  horizontal  type, 
water  being  injected  into  the  compressor  at  each  stroke  for  cooling 
purposes.  After  compression  it  is  passed  through  a  series  of  re- 
covers wherein  the  watery  particles  carried  over  are  deposited,  after 
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which  it  flows  into  the  expansion  cylinder,  in  which  it  is  expanded 
down  to  the  pressure  of  the  atmosphere.  Corliss  cut-ofF  gear  is 
fitted  to  the  inlet  valves  of  the  expansion  cylinder.  A  large  snow-box 
is  provided  in  the  air-trunk,  fitted  with  baffle  or  check-plates  for 
arresting  the  snow,  which,  as  the  air  enters  the  expansion  cylinder 
fully  saturated  with  moisture  for  its  temperature  and  pressure,  becomes 
rapidly  filled  with  snow,  and  requires  to  be  frequently  cleared  out. 

Stevenson's  coldrair  machine  is  also  of  the  horizontal  pattern. 
The  compression,  expansion,  and  steam  cylinders  having  their  pistons 
coupled  to  a  single  crank-shaft.  The  compression  and  expansion 
cylinders  are  single-acting,  and  are  arranged  to  face  each  other, 
their  pistons  being  coupled  by  means  of  X^^^^idcd  rods,  which  form 
vertical  guide  bars,  between  which  is  arranged  to  slide  a  motion  block 
driven  by  the  crank-shaft,  and  thus  to  impart  the  requisite  recipro- 
cating motion.  The  steam  engine  is  either  single-acting  and  of  the 
trunk  type,  or  of  the  simple  high-pressure,  condensing,  or  compound 
type. 

Sturgeon's  horizontal  pattern  machine  is  so  constructed  that  the 
compressed  air  is  delivered  into  a  cooler  formed  of  sets  of  tubes 
surrounded  by  a  circulation  of  cooling  water,  whereby  its  temperature 
is  partially  reduced,  and  it  is  afterwards  caused  to  pass  through 
some  absorbent  material,  such  as  charcoal,  before  admission  into  the 
expansion  cylinder. 

In  1880  Haslam  (Sir  Alfred  Seale  Haslam)*brought  out  a  cold-air 
machine  of  the  type  usually  known  as  dr}*  air  refrigerators,  which 
comprises  certain  very  important  improvements  on  the  Bell-Coleman 
type  of  machine,  and  which  had  the  effect  of  rendering  it  one  of, 
if  not  the  most  successful  machines  of  this  class  hitherto  designed. 

Figs.  108,  109,  no  are  perspective  views  illustrating  three 
different  cold-air  machines  of  the  Haslam  type. 

That  shown  in  Fig.  108  is  of  the  horizontal  i)attern,  and  is  made  in 
sizes  adapted  to  deliver  from  20,000  to  30,000  ft.  of  air  per  hour. 
Compound  duplicate  1  horizontal  machines  of  heavier  build  are, 
however,  also  constructed,  in  sizes  adapted  to  deliver  from  35,000  to 
300,000  ft.  of  air  per  hour.  The  apparatus  is  driven  by  a  compound 
condensing  engine,  and  this,  together  with  the  air-compressing  and 
expansion  cylinders,  and  the  requisite  water-pumps,  are  all  mounted 
upon  a  cast-iron  bed  frame,  of  box  section,  cored  out  to  receive  the 
air-cooler,  engine,  surface  condenser,  and  air-pump.  This  combination 
of  the  condenser  casing  with  the  refrigerator  forms  a  foundation  for  the 
bed-plate  of  the  steam  engine.     The  feed  pumps  are  bolted  on  to  the 
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side  of  the  bed,  and  are  driven  from  an  overhead  rocking  shaft,  which 


likewise  works  the  air-pump.     Variable  cut-off  gear  is  fitted  to  both 
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the  steam  cylinder  and  the  air-expansion  cylinder,  and  the  pistons  of 
both  the  compressor  and  expansion  cylinders  are  directly  coupled  to 
tail-rods  from  the  steam  cylinder  pistons.  By  locating  the  inlet  and 
outlet  valves  in  the  cylinder  covers  they  are  rendered  very  easy  to  get 
at  for  repairs  and  other  purposes.  The  height  of  this  machine  is 
such  as  to  admit  of  its  being  conveniently  placed  "  between  decks  "  of 
steamers. 

The  patent  diagonal  pattern  machine  (Fig.  109)  is  made  of  smaller 
sizes,  viz.,  to  deliver  from  10,000  to  12,000  cubic  ft.  of  air  per  hour, 
and  where  a  machine  of  still  smaller  capacity  is  required,  one  of  the 
vertical  pattern,  such  as  that  shown  in  Fig.  no,  is  preferably  used,  the 
latter  machines  being  constructed  of  sizes  to  deliver  from  2,000  to  6,000 
cubic  ft.  per  hour.  In  the  diagonal  pattern  machine  the  compound 
high  and  low  pressure  steam  cylinders,  and  the  air  compressor  cylinder, 
are  placed  on  the  top  of  the  bed,  the  air  expansion  cylinder  is  located 
at  the  end,  and  the  water,  air,  and  feed  pumps  are  bolted  to  the  side 
thereof. 

The  bed  is,  as  will  be  seen  from  the  illustration,  of  massive  box 
section,  and  is  suitably  cored  out  to  receive  the  water-cooler  tubes,  the 
condenser  tubes,  and  the  patent  drying  pipes,  and  it  likewise  supports 
the  main  crank-shaft  bearings.  The  condenser  tubes  are  fixed  in  posi- 
tion by  means  of  screwed  ferrules,  and  the  air  cooler  tubes  and  drying 
pipes  are  secured  in  tube  plates  by  expanding  the  ends  in  the  usual 
manner.  The  several  tube  plates  are  provided  with  covers  having  ribs 
arranged  for  the  proper  circulation  of  air  and  water.  As  will  be  seen, 
the  machine  is  peculiarly  compact  and  self-contained,  and  the  air-pump 
is  arranged  vertically,  and  is  worked  through  a  X'^ob  from  an  eccen- 
tric on  the  crank  shaft. 

The  type  of  machine  illustrated  in  Fig.  no  occupies  but  little  floor- 
space,  and  its  height  allows  of  its  location  "  between  "  decks  of  small 
steamers  and  yachts.  The  steam  cylinder,  air-compression  cylinder, 
and  expansion  cylinder,  are  mounted  vertically  upon  cast-iron  standards, 
whi6h  latter  are  securely  bolted  to  a  cast-iron  bed  of  hollow  box  section, 
supporting  the  crank-shaft  bearings  and  containing  the  air  cooler,  and 
the  water-pump  is  bolted  to  the  base-plate  and  worked  vertically  from 
a  crosshead-pin. 

The  crank-shaft,  valve-rods,  and  connecting-rods,  are  of  mild 
forged  steel,  and  the  slides  are  of  the  open  type,  and  easily  accessible.  A 
portion  of  one  of  the  cast-iron  standards  is  made  loose  so  as  to  admit 
of  the  crank  being  readily  removed  when  desired. 

The  above  machines  all  have  double-acting  cylinders.  The  compres- 
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sors  are  either  of  the  water  injection  type,  or  of  the  dry  type  and  water- 
jacketed,  discharging  into  the  surface  coolers  in  the  beds.  When  a  com- 


Fig.  no.— Haslam  Cold-Air  Machine.     Verticil  Pattern. 

pressor  of  the  first,  or  water  injection  type  is  employed,  the  above-men- 
tioned cooler  is  dispensed  with,  and  a  separate  water  tower  is  provided. 
After  being  cooled  in  the  ordinary  way  by  water,  the  temperature  (rf  the 
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compressed  air  is  still  further  reduced  by  passing  it  through  an  inter- 
changer,  wherein  it  is  subjected  to  the  cooling  action  of  either  the  spent 
cold  air  leaving  the  enclosed  space  or  chamber  where  it  has  been  used 
for  cooling  purposes,  or  else  of  the  cold  air  as  it  passes  out  of  the  expan- 
sion cylinder.  In  the  first  instance  separate  boxes  containing  the  drying 
pipes  are  provided  inside  the  cold  chamber,  in  the  second  case  the 
device  is  fitted  in  the  forepart  of  the  bed  of  the  machine ;  the  advantage 
derived  from  both  these  arrangements  is  that  a  further  condensation 
and  deposition  of  moisture  are  thereby  effected.  The  exhaust  valves 
of  the  expansion  cylinder  are  separate  from  the  admission  valves,  and 
they  are  so  designed  as  to  afford  as  few  obstacles  to  the  free  passage  of 
the  air  there-through  as  practicable.  Marine  types  of  cold-air 
machines  made  by  this  firm  will  be  found  described  and  illustrated  in 
the  chap>ter  on  Marine  Refrigeration. 

In  the  same  year  (1880)  Lightfoot  introduced  an  improved  machine, 
wherein  the  expwinsion  is  performed  in  two  stages.  The  advantage  of 
this  arrangement  is  that  during  the  first  stage  of  expansion  the  air  can 
be  made  to  deposit  most  of  its  moisture,  after  which  the  dry  air  is 
further  expanded  until  it  attains  the  required  temperature  and  pres- 
sure. 

The  operation  of  Lightfoot's  machine  is  as  follows : — ^The  com- 
pressed air,  which  is  partially  cooled,  and  which  when  direct  atmos- 
pheric air  is  employed  is  always  in  a  condition  of  saturation  correspond- 
ing to  its  temperature  and  pressure,  is  first  passed  into  a  small  primary 
expansion  cylinder,  wherein  it  is  expanded  beneath  a  piston  to  a  pres- 
sure that  will  give  a  final  temperature  of  about  35°  Fahr.  By  this 
means  almost  the  whole  of  the  vapour  held  in  suspension  in  the  air  is 
condensed,  and  in  the  form  of  mist  is  discharged,  together  with  the  air, 
into  a  separator,  upon  the  surfaces  of  which  the  mist  is  deposited 
in  the  form  of  water,  and,  falling  to  the  bottom,  is  drawn  off.  From 
this  separator  the  dried  air,  which  is  still  at  a  considerable  pressure, 
is  conducted  to  the  second  expa^ision  cylinder,  in  which  latter  it  is 
expanded  down  to  the  pressure  of  the  atmosphere,  and  passed  out  cold 
and  practically  freed  from  moisture. 

The  following  table*  gives  the  calculated  relative  amounts  of 
vapour  condensed  and  deposited  in  the  various  stages  of  cooling,  with 
a  machine  on  the  Lightfoot  system,  capable  of  delivering  15,000 
cubic  ft.  of  cooled  air  per  hour,  and  dealing  with  air  in  a  tropical 
climate,  having  an  initial  temperature  of  90°  Fahr.,  and  fully  saturated 

with  vapour: — 

*  "  Proceedings,  Institution  of  Mechanical  Engineers,'*  188 1. 
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Lbs.  Per  hoar.  Per  cent. 

Total  amount  of  vapour  entering  with  the  air .        .  45 '3^  100*00 

Deposited  as  water  in  the  cooler 33 '61  74*^0 

Deposited  as  water  after  first  expansion          .         .         .9*26  20*40 

Discharged  as  ice  in  cooled  air 0*93  2*05 

4380 

Balance,    being   residual    vapour    still    existing  in  

cooled  air    . i'5ft  3*45 


Fig.  Ill  is  a  vertical  central  section  through  the  air  compression 
and  expansion  cylinders,  and  the  valves  of  one  of  the  Lightfoot  pattern 
of  cold-air  machines,  which  may  be  classed  amongst  those  which  have 
afforded  satisfactory  results,  as  far  at  least  as  the  cold-air  system  is 
concerned.  A  is  the  compressor,  which  is  of  the  double-acting  type; 
and  B  is  the  expansion  cylinder,  which  is  of  the  single-acting  type. 

The  cylinders  a  and  b,  which  are  arranged  tandem  style  or  fashion, 
and  have  a  common  piston-rod,  are  placed  close  together,  sufficient 
clearance  being  left,  however,  to  permit  of  the  inspection  or  examina- 
tion of  the  pistons  being  conveniently  effected.  An  advantage  of  this 
arrangement  is  that  the  coldest  portion  of  the  expansion  cylinder  is 
placed  at  a  distance  from  the  hottest  end  of  the  compressor. 

The  air-valves  are  circular  slides  formed  of  phosphor  bronze,  and 
are  op>erated  by  eccentrics  in  the  ordinary  manner.  The  advantages 
claimed  for  this  type  of  valve  are,  that  they  admit  of  the  parts  being 
formed  ver^-  short  and  direct,  are  perfectly  noiseless  in  action,  and  allow 
of  a  high  piston  speed  being  used  without  any  injurious  results.  They 
are  said  to  have  been  found  to  work  very  satisfactorily,  and  to  have 
given  no  trouble  as  regards  wear,  even  when  in  almost  constant  use 
for  some  years. 

The  coolers  consist  of  a  pair  of  iron  vessels  fitted  with  sets  or 
clusters  of  solid  drawn  Muntz-metal  tubes  %  of  an  inch  external 
diameter.  Through  these  tubes  and  the  compressor-jacket  cold  water 
is  constantly  circulated  for  cooling  purposes  in  an  opposite  direction 
to  that  taken  by  the  compressed  air,  by  means  of  a  force-pump  driven 
off  the  crank-shaft  Any  water  that  may  become  deposited  from  the 
air  by  condensation  in  the  coolers  is  blown  off  through  suitable  drain 
cocks. 

After  passing  through  both  the  coolers  the  compressed  air  is 
reduced  in  temperature  to  within  some  5°  or  6°  of  the  initial  tem- 
perature of  the  cooling  water;  the  amount  of  the  latter  that  is 
required  being  usually  from  30  to  40  gallons  for  every  thousand  cubic 
feet  of  cold  air  discharged,  or  some  three  to  four  times  the  weight  of 

•  p 
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the  air.  From  the  second  (Mjoler  the  cooled  compressed  air  is  con^ 
ducted  to  the  exjiansion  cylinder  b,  where  it  performs  ivork  UjKjn  the 
piston,  and  so  returns  some  60  per  cent,  of  the  power  that  has  been 


expended  in  its  o<.imi)ression,  and  is  then  exhausted  at  a  temperature  of 
from  —70°  to  —90°  Fahr.,  or  102°  to  121°  of  frost. 

The  steam  engine  is  eilher  of  ihe  high  pressure  or  nf  the  con- 
densing type ;  in  the  latter  case  the  jet  or  surface  condenser  is  placed 
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below  the  cylinder,  which  is  overhung  from  strong  brackets  on  the 
bed-plate,  and  the  air-pump  is  operated  from  a  continuation  of  the 
piston-rod.  It  will  be  seen  that  this  arrangement  admits  of  a  con- 
densing engine  being  employed  without  occupying  any  additional  space, 
or  it  allows  of  the  engine  being  compounded  by  the  addition  of  a 
second  cylinder  tandem  fashion,  in  which  case  the  condenser  is 
preferably  located  below  the  high-pressuie  cylinder,  and  the  air-pump 
is  driven  off  a  crank-pin  in  the  fly-wheel.  When  a  condensing  engine 
is  used,  the  cooling  water,  after  performing  its  work  in  the  coolers,  is 
passed  to  the  cond^iser. 

Fig.  112  is  a  side  elevation  partly  in  vertical  central  section,  showing 
the  air  cylinders  of  a  single-acting  Lightfoot  cold-air  machine. 

Lightfoot  machines  of  the  vertical  pattern,  with  the  exception  that 


the  coolers  are  cast  in  one  piece  with  the  frame,  do  not  differ  in  con- 
struction to  any  material  degree  from  those  of  the  horizontal  type. 

The  Hall  cold-air  machine,  when  driven  by  a  steam  engine,  has 
three  double-acting  cylinders  located  side  by  side  at  the  end  of  a 
suitable  bed-plate,  one  of  which  is  for  steam,  the  second  for  compres- 
sion, and  the  third  for  expan.iion  of  the  air.  The  cylinders  have  the 
usual  arrangement  of  moving  parts,  that  for  compressing  the  air  being 
water-jacketed,  and  the  connecting-rods  working  on  cranks  on  the  same 
shaft  The  valves  for  the  compression  and  expansion  cylinders  consist 
of  m^n  and  enpajision  slides  operated  from  two  wdgh-bars.  These 
valves  were  in  some  earlier  types  of  machines  situated  on  the  under 
side  of  the  cylinders,  but  in  those  of  later  patterns  they  are  located  on 
the  top  side  of  the  cylinders,  where  they  are  very  readily  accessible.    The 


ziz  REFRIGERATION  AND  COLD  STORAGE. 

coolers,  which  are  placed  below  the  bed-plate  or  frame,  are  airanged 
for  surface  cooling  and  are  of  the  ordinary  multitubular  type.      An 
interchanger  was  also  sometimes  provided  with  the  older  types  of 
machines,  wherein  the  air  that  had  done  duty  in  the  storage  or  cold 
chambers  was  utilised  for  further  reducing  the  temperature  of  the  com- 
pressed air.    In  more  recent  machines,  however,  a  patented  form  of  cen- 
trifugal moisture  separator  has  been  used  for  drying  the  compressed  air. 
An  illustration  of  one  of  the  most  recent  and    improved  types 
of  Hall  cold-air  machines  will  be  found  in  the 
chapter  on  "  Marine  Refrigeration." 

The  "  Arctic  "  cold-air  machine  is  of  an 
improved  type,  recently  (1899)  brought  out  by 
T.  and  W.  Cole,  Limited,  London.     Fig.  113 
is    a    sectional    elevation,    showing    one    of 
the     fiist     patterns    of     machine.       In    this 
machine  the   air,   after  compression   in   the 
cylinder  and  water  spray  cooling,  is  further 
cooled  by  passing  it  through  a  vessel  con- 
taining glass  balls,  etc.,  on  trays  over  which 
water  is  sprayed.     It  then  passes  through  an 
annular  jacket,  and  the  hollow  head  l  of  the 
expansion    cylinder    for    additiorul    cooling. 
The  jacket  contains  either  a  spiral  partition 
h',  which    may    be    perforated,    or    spirally- 
Fig.  113.— Cole's  Paieni    placed  baiBes.       The  head  l  contains  posi- 
"Arciic"  Cold.airMachine,    tively>worked  inlet  and  exhaust  valves.     The 
Sns™"'"  K„,^"S    »"P«»!eJ  air  m  ils  parage  to  the  np.n.i™ 
SeciioDxl  Elevation.  Cylinder  circulates  through  the  circuitous  pas- 

sages of  (he  cylinder  jacket,  and  is  thereby 
cooled  to  a  temperature  of  about  32"  F.  (many  degrees  lower  than 
the  cooling  water)  before  entering  the  expansion  cylinder.  This  low 
temperature  having  the  effect  of  depriving  the  air  of  all  excess  of 
moisture,  prevents  the  clogging  of  ports  and  passages  with  snow,  which 
for  so  many  years  has  been  the  great  objection  (o  the  more  general 
use  of  cold-air  refrigerating  machines  {vide  p.  217).  In  the  case  of 
small  cold-air  machines,  this  difficulty  has  generally  been  considered 
insurmountable,  but  this  has  been  overcome  in  the  small  machine  of 
1,250  cubic  feet  capacity  illustrated  in  Fig.  1 14, 

A  later  type  of  machine  is  shown  in  Figs.  1 14  and  115,  and  in  Figs. 
ii6  and  117,  the  first  two  being  general  views  of  a  small  and  a  large- 
sized  machine,  and  the  others  respectively  a  side  elevatjon,  partly  in 
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section,  and  a  transverse  section 
of  expansion  cylinder.  In  this 
arrangement  also  the  com- 
pressed air  is  passed  round  the 
expansion  cylinder,  and  cooled 
to  some  27*^  lower  than  the 
available  cooling  water,  and 
thus  deprived  of  most  of  its 
moisture.  This  cylinder  b  is 
jacketed  at  c,  and  provided 
with  ribs  f  and  partitions  g,  h, 
which  is  arranged  to  make  the 
air  take  a  circuitous  course 
round  the  cylinder  and  its  ends 
to  the  valve  boxes  k,  and  the 
jacket  may  be  extended  to  in- 
clude the  pipe  d  leading  the 
expanded  air  to  the  refri- 
gerating chamber.  The  base  or 
bed  I  for  this  cylinder  also 
contains*  partitions  g\  h*,  lor 
circulating  the  air,  and  it  has  a 
sloping  bottom  o  with  a  water 
seal  or  valve  to  remove  the 
condensed  moisture.  Before 
passing  round  the  expansion 
cylinder,  the  air  from  the  com- 
pressor is  passed  through  a 
chamber  containing  spheres, 
etc.,  over  which  water  trickles, 
and  then  through  a  series  of 
tubes  to  remove  some  of  the 
moisture  after  the  preliminary 
cooling.  The  illustrations 
show  a  double-acting  expansion 
cylinder,  as  described  above, 
but  the  invention  is  applicable 
to  vertical  or  to  single-acting 
cylinders,  and  the  arrangements 
of  the  partitions  and  ribs,  and 
consequently  the  course  of  the 
air,  may  be  varied.      The  com- 


Figs.  116  and  117. — Cole's  Patent  Cold- 
air  Machine,  with  Air-drying  Arrangement. 
Side  Elevation  partly  in  Section  and  Trans- 
verse Section. 
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pression  and  expansion  cylinders  may  be  mounted  on  a  bed  containing 
the  cooling  arrangements. 

Figs.  117A  and  117B  show  indicator  diagrams  taken  respectively 
from  a  double-acting  and  a  single-acting  expander  of  an  "  Arctic  "  cold- 
air  machine.  The  data  connected  with  this  test  will  be  found  on 
page  220. 

A  cold-air  machine,  or  air  compression  refrigerating  machine,  com- 
prising certain  novel  features,  or,  to  speak  more  correctly,  a  novel 


Fig.  1 1 7A.— Indicator  Diagram  from   Double-Acting  Expander  of  "Arctic"  Dry 

Cold- Air  Machine.     (For  Data  of  Test  seepage  220.) 


Fig.    117B. — Indicator  Diagram  from  Single- Acting  Expander  of  "Arctic"  Dry 
Cold- Air  Machine.     (For  Data  of  Test  see  page  220. ) 


application,  is  the  Allen  machine,  which  is  known  as  the  '  Allen  Dense- 
Air  Ice  Machine,"  made  by  Frank  Allen,  Brooklyn,  New  York. 

The  Allen  Dense-Air  Ice  Machine  is  illustrated  diagrammatically 
in  Fig.  118,  and  briefly  it  comprises  the  following  parts:  A  steam 
cylinder  q  for  driving  purposes,  a  compression  cylinder  R,  in  which 
the  air  is  compressed  to  about  three  times  its  primary  pressure,  which 
cylinder  is  water-jacketed  to  prevent  injury  to  the  piston  packings  from 
the  heat  engendered  by  this  compression.  A  copj>er  coil  s,  immersed 
in  a  water  bath,  into  which  coil  the  compressed  air  is  passed  and  cooled. 
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or  reduced  to  the  temperature  of  the  cooling  water.  A  return  air 
cooler  T,  by  means  of  which  the  compressed  air  is  further  cooled  by  the 
cold  air  returning  from  the  cold  storage  chamber.  An  expansion 
cylinder  v,  wherein  Che  cooled  compressed  air  is  allowed  to  expand  to 
one-third  of  the  tension  of  compression,  that  is  to  say,  to  its  original 
pressure  on  entering  the  compressor  cylinder,  during  wluch  operation 
it  is  cooled  as  much  as  it  was  previously  heated  by  the  compression, 
and  leaves  the  cylinder  at  a  very  low  temperature.  This  cooled  air 
is  then  discharged  into  a  well  insulated  pipe,  by  means  of  which  it  is 


Fig.  1 18.— Allen  Dease-air  Machine.    Diagiammatical  View. 

conveyed  to  the  place  which  it  is  desired  Co  cool.  Here  the  pipe 
service  is  left  exirosed  j  that  is  to  say,  it  is  not  insulated,  and  the  cold 
air,  after  taking  up  the  heat  from  the  surrounding  matter,  is  again 
returned  to  the  compressor,  where  it  is  again  subjected  to  com- 
pression, cooled,  and  expanded  as  before. 

A  suitable  Crap  or  separator,  as  indicated  at  v,  is  also  provided 
for  eliminating  the  lubricating  oil  used  in  the  cylinder,  as  well  as 
.any  snow  that  may  be  formed,  from  the  coid  air.  The  deposits  are 
removed  from  this  separator  by  heating  the  latter  through  a  suitable 
steam  pipe,  and  running  off  the  contents  through  a  drain  pipe  and 
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cock,  the  machine  being  so  arranged  that  any  frozen  deposits  from 
the  expansion  cylinder  will  be  at  the  same  time  thawed  and  blown 
out  into  the  separator.  In  operation  the  separator  requires  blowing 
out  once  or  twice  in  every  twenty-four  hours. 

Cooling  water  for  the  separator,  the  copper  air-cooling  coil  bath, 
and  the  water-jacket  round  the  compression  cylinder,  is  supplied  by 
an  ordinary  plunger  pump  w,  and  a  small  supplementar>'  air  pump  x 
is  also  provided  for  charging  the  system,  when  starting  with  air  up 
to  the  necessary  pressure,  and  also  for  making  up  any  losses  that 
may  occur  by  reason  of  leakage  through  stuffing  boxes  and  joints, 
whilst  the  machine  is  running.  To  extract  the  moisture  from  this 
fresh  supply  of  air  to  the  system  it  is  passed  through  a  drier  or 
separator  Y,  by  means  of  which  it  is  dried  as  far  as  practicable  before 
entering  the  machine,     z  is  a  safety  valve. 

The  operation  of  the  apparatus  is  as  follows:  The  normal  pres- 
sure of  the  air  in  the  system  is  60  lbs.  per  square  inch,  and  this  air 
is  compressed  in  the  compressor  to  210  lbs.  per  square  inch.  Should  it 
be  found  impossible  to  keep  up  these  relative  pressures  of  60  lbs.  on  the 
suction  side  and  210  lbs.  on  the  discharge  side  it  is  a  sign  of  leakage. 
The  oil  trap  or  separator  being  choked  by  congealed  oil  or  snow,  or 
the  closing  of  valves  will  likewise  cause  a  disturbance  in  the  pressures. 

It  will  be  seen  that  the  air  is  in  this  machine  used  in  a  closed 
cycle.  The  compressed  air  from  the  compression  cylinder  is  cooled,  ex- 
panded, down  to  its  original  pressure  of  60  lbs.  per  square  inch,  whilst 
doing  work,  and  the  resultant  cold  air  at  a  temperature  of  about  60° 
below  zero,  Fahr.,  is  forced  through  the  refrigerating  or  cooling  pipes, 
where  it  takes  up  the  heat  from  the  surrounding  objects,  and  is  again 
returned  to  the  compression  cylinder  to  be  compressed,  cooled,  and 
expanded,  and  so  on,  ad  infinitum. 

It  is  claimed  for  this  machine  that  by  maintaining  the  air  at  a  con- 
stant pressure  of  five  atmospheres  (60  lbs.  gauge  pressure)  it  can  be  con- 
veyed in  pipes  of  comparatively  small  diameter,  and  the  rise  of  tempera- 
ture will  be  slight.  No  absorbed  water  vapour  has  to  be  cooled  from  the 
vapour  to  the  frozen  condition,  and  the  greater  efficiency  of  the  dense 
air  or  air  under  pressure,  enables  a  very  much  smaller  machine  to  be 
used  than  would  be  the  case  with  an  ordinary  cold-air  machine  for  the 
same  capacity. 

The  only  additional  moving  part  in  the  Allen  dense-air  ice  machine 
is  the  small  auxiliary  or  primer  pump  which  is  a  simple  plunger  pump 
of  ordinary  construction.  There  are  also  the  closed  refrigerating  pipe 
system,  and  the  two  traps  by  means  of  which  the  lubricating  oil  and 
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water  are  removed  or  eliminated  from  the  air,  and  the  latter  is  main- 
tained in  a  pure  condition  whilst  passing  through  the  pipes. 

It  will  be  obvious  that  the  refrigerating  or  cooling  pipes  will  be 
arranged  in  the  cold  storage  room  or  chamber  in  a  similar  manner  to 
those  of  any  direct  expansion  ammonia  plant.  As  no  chemical 
circulating  agent  or  medium  is  employed,  the  items  of  expense  com- 
prise only  the  steam  consumed  in  the  driving  engine  or  motor,  the 
necessary  lubricating  oil,  and  the  labour  of  attending  to  the  machine, 
which  the  makers'  state  are  small. 

In  a  paper*  on  "Refrigerating  Machines,"  by  Arthur  Robert 
Gale,  C.E.,  the  author,  makes  the  following  observations  on  refrigerat- 
ing machines  of  the  cold-air  type : — "  One  of  the  chief  difficulties  in 
cold-air  machines  is  the  presence  of  moisture  held  in  suspension  by  the 
atmosphere;  this  applies  especially  to  the  open  cycle  machines. 
Moisture  in  the  air  occasions  loss  of  efficiency  in  two  ways.  If  the 
air  enters  the  expansion  cylinder  in  a  saturated  condition,  when  the 
air  is  cooled  by  expansion  whilst  performing  work,  a  certain  amount 
of  vapour  is  condensed  and  thrown  down — ^the  point  of  saturation 
being  dependent  on  the  temperature.  The  vapour,  in  changing  to  the 
liquid  state,  gives  its  latent  heat  of  vaporisation  to  the  air;  and  as  the 
expansion  of  the  air  continues,  and  the  temperature  is  still  further 
diminished,  the  liquid  freezes  and  accumulates  in  the  form  of  snow  and 
ice  in  the  valves  and  passages,  giving  up  its  heat  of  liquefaction  to  the 
air.  Thus  not  only  does  the  presence  of  moisture  in  the  air  produce 
mechanical  difficulties,  choking  the  air  passages  and  impeding  the 
action  of  the  valves,  but,  for  the  same  expenditure  of  energy,  the  cold 
air  leaves  the  machine  at  a  higher  temperature  than  would  have  been 
the  case  if  there  had  not  been  a  superabundance  of  moisture  in  the 
air  during  expansion. 

"  As  the  cold-air  machine  is  the  direct  reverse  of  the  heat-engine, 
so  also  its  conditions  of  greatest  efficiency  differ  from  those  of  the  latter. 
The  maximum  theoretical  efficiency  of  a  refrigerating  machine  may 
be  expressed  by  the  formula — 

Ha  T 


E         Tc  -  r 

where  E  is  the  thermal  equivalent  of  the  work  of  compression. 
Ha  denotes  heat-units  abstracted  by  the  system, 
Tc  denotes  absolute  temperature  at  which  rejection  of  heat 
takes  place, 

•  *'  Minutes  of  Proceedings,  Inst.C.E.,*'  voL  cxviii.,  Session  1893-4,  pp.  421,  422. 
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T  denotes  absolute  temperature  at  which  absorption  of  heat 
takes  place. 

From  the  above  it  follows  that — 

Tc  -T 
E  =  Ha        .^-  - 

ue.j  in  any  refrigerating  machine  the  greatest  efficiency  will  be  obtained 
with  a  small  range  of  temi)erature;  the  greater  the  range  the  smaller 
the  efficiency  will  be,  other  conditions  being  equal ;  also  the  efficiency 
is  increased  as  the  lowest  limit  of  the  range  of  temperature  is  raised. 
Thus  a  machine  working  between  the  temperatures  of  ioo°  Fahr.  and 
o^  would,  other  conditions  being  unaltered,  be  more  efficient  than 
when  working  between  60"  Fahr.  and  —40°  Fahr.  These  remarks 
are  applicable  to  any  system  of  refrigeration,  and  are  not  peculiar  to 
the  cold-air  machine." 

For  some  time  it  was  ver}-  generally  sujjposed  that  many  kinds  of 
provisions  of  a  perishable  nature  were  liable  to  receive  damage  from 
the  snow  held  in  suspension  in  the  cold  air  from  these  machines,  and 
it  was  this  fear  of  injurious  effects  which  prompted  inventors  to  design 
those  forms  of  special  drying  apparatus  intended  to  remedy  this  defect, 
such  as  the  Bell-Coleman  interchanger  wherein  the  air  is  dried  by 
passing  it  through  a  series  or  set  of  coils  situated  in  the  chamber 
cooled  by  the  machine;  of  the  improved  form  of  the  above  designed 
by  Haslam,  wherein  the  interchanger  is  cooled  either  by  the  spent  cold 
air  on  its  leaving  the  chamber  wherein  it  has  been  utilised,  or  by  the 
cold  air  as  it  passes  out  of  the  expansion  cylinder;  the  Lightfoot 
machine,  wherein  the  expansion  is  performed  in  two  stages;  or  of 
HalFs  centrifugal  moisture  separator  (or  the  air-drying  arrangement  of 
T.  and  W.  Cole).     Hence  the  term  "  dr>-air  refrigerator." 

This  objection  to  the  cold-air  machine  arose,  however,  from  a  fault 
the  evil  effects  of  which,  it  has  now  become  evident,  have  been  un- 
doubtedly much  exaggerated,  as  in  practice  no  such  damaging  results 
to  the  contents  of  the  stores  or  chambers  are  experienced  as  it  was 
supposed  and  predicted  would  ensue,  although  of  course  the  snow 
that  is  formed  in  the  manner  above  described  is  an  undeniably  ob- 
jectionable product.  If  a  cold-air  machine  be  worked  on  the  principle 
of  exclusion  of  the  aqueous  vapour,  after  a  few  cycles  of  operations 
the  air  will  have  become  dry,  and  will  thenceforward  work  like  a  true  gas. 

Owing  to  their  compactness  and  simplicity,  to  the  non-requiremeni 
of  any  chemicals,   and  to  the  great  facility  of  application,  cold-air 
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machines  are  found  to  be  very  suitable  for  marine  installations,  and 
for  this  purpose  they  are  extensively  employed.  They  are  also,  how- 
ever, in  use  to  a  considerable  extent  for  refrigerating  cold  stores  or 
chambers  for  the  preservation  of  provisions  of  a  perishable  nature. 

An  objection,  however,  to  machines  of  the  Bell-Coleman  type, 
wherein  the  air  is  partially  cooled  during  compression  by  the  injection 
of  cooling  water  into  the  compressor,  is  experienced  at  sea,  by  reason 
of  the  corroding  action  of  the  salt-water,  in  addition  to  the  loss  of 
efficiency  common  to  all  machines  of  this  class.  Considerable  difficulty 
has  been  experienced  in  tropical  climates,  where,  with  the  cooling 
water  at  about  90°  Fahr.,  the  moisture-laden  air  would  be  delivered 
into  the  cooling  pipes  at  a  temperature  of  95°  Fahr.,  or  more,  and 
*the  absolute  pressure  would  be  about  65  lbs.  per  sq.  in.  Now,  as 
there  is,  as  Mr.  Lightfoot  observes,*  "  precisely  the  same  amount  of 
dry  cold  air  circulating  outside  the  cooling  tubes  in  a  given  time 
as  there  is  warm  compressed  air  within,  it  follows  that  by  whatever 
amount  the  temperature  of  the  internal  air  is  reduced,  by  an  equal 
amount  must  that  of  the  external  air  be  raised.  But,  in  addition,  the 
internal  air  has  vapour  mixed  with  it,  which,  as  the  temperature  falls, 
gives  off  heat,  measured  not  only  by  the  reduction  in  its  sensible 
temperature,  but  by  the  latent  heat  of  vaporisation ;  and  this  heat  also 
has  to  be  taken  up  by  the  external  air.  It  will  be  found  that,  as- 
suming each  pound  of  internal  air,  with  its  proportion  of  vapour,  to 
be  reduced  to  42°  Fahr.,  the  pound  of  external  cold  air,  which  has 
to  take  up  all  the  heat  due  to  this  reduction,  will  be  raised  in  tempera- 
ture by  84°  Fahr." 

This  defect  is  obviated  in  machines  of  T.  and  W.  Cole's  "  Arctic  " 
type,  as  the  air  is  cooled  by  their  drying  arrangement  some  25° 
lower  than  the  cooling  water.  Thus  in  tropical  climates,  where  the 
cooling  water  would  be  about  90°,  the  compressed  air  would  be 
cooled  down  to  65°,  and  thus  be  deprived  of  a  great  proportion  of  its 
suspended  moisture  before  being  admitted  to  the  expansion  cylinder. 

Instead  of  using  the  spent  air  for  cooling  purposes,  the  cold  air 
from  the  expansion  cylinder  may  be  applied  direct  to  the  cooling 
apparatus;  but  in  this  case  difficulty  would  be  experienced  from  the 
deposited  moisture  inside  the  tubes  actually  freezing  from  the  intense 
cold  of  the  external  air,  a  difficulty  which,  it  appears,  has  often  oc- 
curred with  this  apparatus.  This,  apart  from  the  mere  obstruction  of 
the  pipes,  would  involve  a  further  sacrifice  of  cold,  owing  to  the 
liberation  of  the  heat  of  liquefaction. 

*  **  Proceedings,  Institute  of  Mechanical  Engineers,**  1881. 
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The  following  table  shows  the  results  of  test  experiments  made 
with  modified  Giffard,  Haslam,  Bell-Coleman,  and  Cole's  "  Arctic " 
machines : — 


Giffard.*     Haslam.'t 


Diameter  of  comprestion  cylinder,  in  ins. 


„  expansion 

Stroke  of  each  . 


f) 


r> 


27 
92 

i8 
62 


65 


5»" 
267' 

—82^ 


F. 

F. 

F. 
F. 


Revolutions  per  minute  .... 
Air  pressure  in  receiver  (absolute),  in 

lbs.  per  sq.  in 

Temperature  of  air  enterinif  compres- 
sion cylinder  (containing  vapour  up  to 

88  per  cent,  ot  saturation)    . 
Temperature   of    air   discharged   from 

compression  cylinder    .... 
Temperature  of  compressed  air  admitted 

to  expansion  cylinder  .... 
Temperature  of  air  after  expansion 
Work  done   in   compression    cylinder, 

from  diagram 43*1*  ^-P 

Work  given  off  in  expansion  cylinder, 

from  diagram 

Difference  in  work  done  in  compression 

cylinder,  and  woric  given  off  in  eipan- 

sion  cylinder 

Diameter  of  steam  cylinders,  in  ins. 
„  trunks  in  cylinders,  in  ins.  . 

Stroke  of  trunks 

Initial     steam    pressure    in    cylinders 

(absolute)  per  sq.  in 

Work  given  off  in  steam  cylinders,  from 

diagram.        ...... 

Initial  temperature  of  cooling  water 

Final  „  „ 

Quantity  of  cooling  water  passing  per 

minute  in  lbs 

Work  lost  in  heat  taken  off  by  cooling 

water  

I.h.p.  in  compression  cylinder 

„      in  expansion  cylinder 
Per    cent,    of    I.h.p.     of    conipr<>ss'on 

returned  in  expander    .... 


25i(a-cy.) 
36 


72 
64 


-9,^"  F. 


'28*05  *>•?• 


15*07 

12 

10 

15 
55lbs- 


Bell- 
Coleman.t 


CoIe*s 
**Aiciic."i 


28 
21 

24 

63-2 

Oi 


654  F. 


-52^ 


No.  4 
Size. 


XI 

9 
12 

96 


65 


48 


35 
-81 


No.  I 
Sixr. 


5i 

8 

x6o 


75    * 


46 


—08 


246  h.p. 

57^  F. 
M5^  K 

62 

4« 

925 

19  h.p. 

4,VI 

280 

346*4 
176*2 

i'«4'5 
5«-5 

7-8 

3-28 
1-68 

5« 

47 

54 

51 

•  "Proceedings,  Institution  of  Mechanical  Engineers,'*  1881. 
t  "  Proceedings,  Manchester  Society  of  Engineeni/'  1804. 
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CHAPTER  XI. 
COCKS,  VALVES,  AND  PIPE  JOINTS  AND  UNIONS. 

Expansion  or  ReguUling  Cocks  and  Valves. — Stop  Cocks  and  Valves. — Suction  and 
Discharge  Valves.— Pipe  Joints  and  Unions.— Means  for  Increasing  the  Cooling 
Sarface  of  pipes. 

Expansion  or  Regulating  Cocks  and  Valves. 

A  NUMBER  of  cocks  Of  valves  are  required  on  every  refrigerating 
machine,  the  most  important  being,  however,  the  expansion  or  regu- 
lating cock  or  valve,  or  as  it  is  sometimes  called  the  flash-cock  or 


valve,  which  serves  to  ctintrol  the  connection  between  the  condenser 
and  the  refrigerator  or  evaporator. 

Fig.  ri9  is  a  view  partly  in  vertical  centra]  section,  and  Fig.  izo 
is  a  vertical  central  section  showing  two  patterns  of  a  very  common 
form  of  expansion  valve  of  the  taper  spindle  type  which  are  adapted 
for  use  with  manifolds.     The  construction  of  these  valves  are  obvious 
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from  the  drawings,  the  taper  spindles  and  valve  boxes  or  casings  are 
made  of  hardened  steel,  and  whilst  extremely  simple  in  construction 
the  type  is,  perhai>s,  all  things  considered,  about  the  most  effective 
arrangement  for  general  purposes. 

Figs.  121  and  122  show  in  vertical  central  section  the  half-inch 
angle  and  globe  expansion  valves  employed  by  the  Triumph  Ice 
Machine  Company.  These  valves  are  made  of  the  best  machinery  steel, 
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Fig.  120. — ^Taper  Spindle  Expansion  or  Regulating  Valve. 

Vertical  Central  Section. 

and  are  so  constructed  that  they  can  be  packed  at  any  time.  The 
drawings  are  self-explanatory,  as  is  also  that  shown  in  Fig.  123,  repre- 
senting a  vertical  central  section  through  the  Frick  expansion  valve, 
which  is  constructed  of  drop  steel  forgings. 

Fig.  124  is  a  plan,  Fig.  125  is  a  vertical  central  section,  and  Fig. 
126  is  a  view  of  the  plug  partly  in  vertical  section  through  the  port  or 
way,  showing  the  De  La  Vergne  improved  expansion  cock. 

The  port  or  passage  through  the  plug  (Figs.  122  and  123)  is  so 
formed  as  to  admit  of  the  nicest  regulation  being  effected.  With  this 
object  the  round  hole  is  not  carried  completely  through  the  plug,  but 
only  through  about  three-quarters  the  thickness  thereof,  as  shown  in 
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Fig.  126,  and  the  remaining  thin  bridge  of  metal  is  perforated  in  the 
shape  of  a  very  narrow  wedge  as  shown  in  Fig.  125. 

The  plug  is  rotated  by  means  of  a  worm  and  worm  wheel  in  the 
manner  which  can  be  clearly  seen  from  the  drawing,  and  whereby 
very  fine  or  delicate  adjustment  can  be  readily  imparted  thereto. 
The  nanow  wedge-shaped  passage  or  aperture  allows  of  the  Sow  of 
the  liquid  ammonia  being  regulated  to  the  minutest  possible  amount, 
the  point  or  apex  thereof  being  the  first  to  open. 

The  stop-cocks  or  valves  described  in  a  patent  taken  out  by  Puplett 
and  Rigg  in  1887  for  regulating,  or  completely  cutting  off  or  arresting, 


Figi  121.— Triumph  Angle  'E%  Fig.    laa,— Triumph   Globe  Ex- 

pansion or  Regulating  Valve.  Ver-  pansion  or  Regulating  Valve.   Ver- 

tical Central  Section.  (teal  Central  Section. 


the  flow  of  the  gas  or  liquids  to  the  various  parts  of  the  apparatus  have 
metal  seats.  To  prevent  leakage  of  the  gas  or  liquid,  the  stuffing  boxes 
of  these  valves  are  provided  with  sgrewed  glands,  which  are  likewise 
screwed  on  to  the  valve  spimlles,  which  latter  are  screw  threaded  for 
their  entire  length,  and  are  packed  with  some  suitable  yielding  fibrous 
or  metallic  packing,  such,  for  instance,  as  hemp  or  lead.     This  packing 
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is  caused  to  enter  into  the  screw-threads  U|ion  the  spindles  as  the  glanils 
are  forced  or  screwed  down,  thus  making  gas-tight  joints  round  the 
latter  without  causing  the  valves  to  set  fast.       A  description  of  the 


Pontifex  expansion  or  regulating  valve  will  be  found  on  page   167, 
being  one  of  the  improvements  included  in  his  1887  patent 

A  form  of  evpansion  valve  for  use  with  ammonia  or  other  com- 
pression machines  has  been  designed  by  Suppes  and  Dortch  of  Ohio, 
U.S.A.,  which,  it  is  claimed,  obviates  the  formation  of  ice  upon  the 
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Hg- 1*1. 
Fig.  124. — De  Iji  Vcrgne  Expansion  or  Regulating  Cock.     Plan. 
F'B-  IIS— Do-  Do.  Vertical  Central  Section. 

Fig.  116. — Do.  Do.  View  of  Plug  partly  in 

Sectbu. 
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exterior  of  the  valve  owing  to  the  intense  cold  which  is  produced  at 
this  point  by  the  eTpansion  of  the  ammonia  or  other  agent.  Briefly  the 
expansion  valve  now  under  consideration  comprises  a  valve  and  casing 
having  a  pipe  member  connecting  the  expansion  orifice  of  the  valve 
with  the  refrigerating  coil,  which 
valve  is  provided  with  an  ice-guard 
consisting  of  a  member  of  a  com- 
paratively large  area  secured  to  the 
exterior  of  the  valve-casing  adja- 
cent to  the  valve.  Tlus  ice-guard 
or  member  performs  the  double 
c^ce  of  firstly  absoHaing  heat  from 
the  atmosphere,  and  in  this  manner 
preventing  an  undue  reduction  in 
the  temperature  of  the  valv&casing 
from  taiing  place;  and,  secondly, 
of  forming  a  barrier  over  which  the 
ice  which  accumulates  on  the  pipe 
member  must  creep  before  it  can 
reach  that  portion  of  the  casing  sur- 
rounding the  valve. 

In  Fig.  127  is  illustrated  the 
Triumph  safety  combination  expan- 
sion valve  and  stop-cock.  With  this 
valve  there  is  no  necessity  for 
pumping  out  or  shutting  down  the 
plant,  as  it  can  be  repaired  at  any 
lime  by  shutting  off  the  stop-cock, 
removing  the  stem  and  inserting  in 
its  place  a  short  plug  which  is  sent 
out  with  each  valve.  Expansion 
can  then  he  effected  with  the  slop- 
cock,  which  has  a  V-shaped  open- 
Fi|.  11;.— Triumph  Safety  Com-  ing  at  both  ends,  so  that  no  mis- 
bination  Expansion  Valve  and  Slop-         ,,i„    „.„    u^    _   j  .  .  ■  ■ 

cock.     VerlU  Cenlral  Seclion.       '  '^«    "^^    ^'^    ""^e    as    to    which 

direction  it  is  turned.       When  the 
expansion  valve  is  repaired,  all  that  is  required  is  to  simply  shut  off 
the  stop-cock  again,  remove  the  short  plug,  and  re-insert  the  valve- 
stem,  after  which  work  can  be  resumed  as  before. 
Stop  Cocks  and  Valves. 
The  De  La  Vergne  improved  form   of  stop-cock  for   ammonia 
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gas  is  illustrated  in  Figs.  izS  and  129,  which  show  vertical  central 
sections  through  the  shells  or  casings  of  a  2j4-in.  and  a  i-in.  cock, 
the  plugs  being  left  in  elei'ation. 

As  will  be  seen  from  the  drawings,  the  square  for  operating  the 
plug  is,  contrary  to  the  usual  custom,  placed  at  the  small  end  thereof, 
the  latter  being  pressed  to  its  seat  by  a  spiral  spring  inserted  between 
its  large  end  and  a  cap  bolted  up  to  the  shell  or  casing,  and  having'an 
annular  projection  adapted  to  engage  in  a  corresponding  groove 
formed  in  the  latter,  and  wherein  is  provided  a  lead  or  other  washer. 


Fig.  128.— De  La  Vergne  aj-inch  Stop-cock.    Verticil  Central  Section. 

Similar  means  for  forming  a  gas-tight  joint  are  provided  at  the  small 
end  of  the  plug,  and  in  this  manner  the  escape  of  any  fluid  into 
the  chamber  that  might  chance  to  pass  the  plug,  is  prevented.  The  even 
and  constant  pressure  of  the  spiral  spring  maintains  the  plug  always  on 
its  seat,  and  prevents  any  grit  or  other  impurities  from  getdng  between 
the  surfaces  and  cutting  or  abrading  them.  The  shell  of  the  small-sized 
cock  or  valve  (Fig.  izg)  is  of  slightly  modified  form. 

The  Rilboum  stop-cock  is  provided  with  a  cone,  gland,  nut,  or 
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sleeve,  and  collar,  so  ronstructed  and  combined  that  by  turning  the 
gland  nut  in  the  one  direction  the  cone  will  be  forced  into  and  held 
in  its  seating,  whilst  on  the  other  hand  by  turning  it  in  the  other,  or 
opposite  direction,  the  cone  will  he  started  from  its  seating. 

The  construction  of  the  Triumph  Ice  Machine  Company's  stop- 
valve  is  such  as  to  admit  of  its  being  packed  at  ajiy  time  without 
running  the  risk  of  loss  of  gas.  The  valve  has  double  seats,  and  the 
valves,  when  closed,  clamp  the  seats  so  that  it  is  impossible  to  have 
any  leakage.  The  seats  are  formed  of  lead,  so  that  should  they  at 
any  time  be  injured  by  foreign  matter,  by  simply  removing  the  damaged 
seat  and  inserting  a  new  one  a  new  valve  is  secured  at  only  the 


Kig.  i»9. — De  La  Vergae  i-inch  Stop-cock.     Vertical  Cenlral  Section. 

expense  of  a  lead  seat.  Fig.  130  shows  one  pattern  of  shut-off  or 
stop-valve  used  by  the  Frick  Company.  Figs.  131  and  132  are  two 
other  patterns  of  stop-valves  made  by  the  same  Company. 

Suction  and  Discharge  Valves. 
Compressors  for  ammonia  or  other  volatile  refrigerating  agents  are 
usually  provided,  in  the  case  of  a  vertical  single-acting  machine,  with 
two  valves — a  suction  and  a  discharge  valve — at  one  extremity  of  the 
cylinder  only;  and  a  double  acting  horizontal  machine  has  as  a 
general  rule  four  valves — two,  viz.,  a  suction  and  a  discharge  valve, 
being  locateii  at  each  end  of  the  cylinder.  It  is  hardly  necessary  to 
remark  that  these  valves  must,  like  all  other  valves  in  the  system,  be 
maintained  tight,  but,  in  addition  to  this,  these  particular  valves  are 
all  held  against  their  seats  by  suitable  steel  springs ;  and  it  is  a  matter 
of  the  greatest  importance,  as  regards  the   securing  of  ihe   utmost 
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Fij;.  130,— Frick  Shut-off  01 


p  Valve.     Vertical  Central  Section. 


economy  in  working  possible,  to  see  that  the  proper  amount  of  tension 
is  put  upon  these  springs. 

Should  the  spring  governing  the  discbarge  valve  of  a  compressor 
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to  do  is  to  remove  the  cap,  take  off  the  locker  anij  turn  the  valve- 
stem  to  the  right.     If,  on  the  contrary,  the  spring  is  too  slack  or  light. 


Fig.     136. —  Triumph  ■patletn  Fij;.     137.  —  Triumph  -  paKeni 

Suction  Valve  for  Frick  Comptes-  Suction  Valve  for  Frick  Compressor, 

sor.     Vertical  Centml  SeclioD.  Vertical  Central  Section. 

and  permits  the  valve  to  open  too  much,  the  stem  should  be  turned  to 
the  left     After  the  required  adjustment  the  locker  and  cap  can  be 


Fig.     138.  —  Triumph  ■  patttm  Fig.     139.  —  Triumph  -  pattern 

Suction  Valve  for  De  La  Vcrgne  Suction  Valve  for  De   La   Vci^e 

Compressor.        Vertical      Central  Compressor.         Vertical      Central 

Section.  Section. 

replaced  and  the  valve  will  be  found  to  be  working  properly.       The 

whole  of  this  operation  can  be  effected  without  shutting  down  the 
machine. 
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Figs.  136  to  139  show  the  patterns  of  safety  suction-valves  con- 
structed by  the  Triumph  Company  for  the  Frick  and  the  De  La 


Vergne  types  of  compressors,  and  Fig.  140  illustrates  the  pattern  of 
valve  made  by  the  same  company  for  the  Calahan  type  of  machine. 

Pipe  Joints  and  Unions. 

An  important  part  of  a  compression  plant  is  the  provision  of  abso- 
lutely gas-tight  pipe  joints,  which,  by  the  way,  is  by  no  means  an  easy 
matter  to  effect,  at  least  with  the  agents  working  at  the  higher  pressures. 
ft  is  scarcely  necessary  to  obsen-e  that  the  pipes  must  be  so  put  up 
that  they  will  be  capable  of  expanding  and  contracting  freely,  for  the 
range  of  expansion  in  pipes  which  are  liable  to  be  subjected  to  extremes 
of  temperatures  so  widely  differing  as  in  the  present  case,  is  consider- 
able. The  pipes  should  likewise  be  fixed  in  sections,  so  that  any  par- 
ticular portion  can  be  removed  for  cleaning  or  repairs  and  replaced  in 
position  without  having  to  interfere  with  the  other  ones. 

For  various  reasons  it  is  impracticable  to  use  joints  screwed  to- 
gether with  white  or  red  lead  or  varnish,  as  in  the  case  of  steam-pipes, 
and  consequently  some  other  method  of  forming  a  gas-tight  joint  has 
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to  be  resorted  to.  A  joint  which  is  frequently  employed,  is  a  com- 
pound screwed  and  soldered  one,  and  this  kind  of  joint  is  found  in 
practice  to  be  a  very  durable  and  reliable  one,  being  capable  of  with- 
standing the  expansion  and  contraction  to  which  the  pipes  are  con- 
stantly liable,  as  well  as  the  periodical  rapping  to  which  they  are 
subjected  during  cleansing  operations.  The  leading  features  trf  all 
joints  of  this  description  is  the  commencement  of  the  female  screw- 
thread  in  the  socket  a  short  distance  from  the  extremity  of  the  pipe  or 
fitting,  the  intermediate  portion  bdng  slightly  enlarged  so  as  to  form 
an  annular  space  or  clearance,  when  the  spigot  end  of  the  pipe  is  in 
position,  adapted  to  receive  the  solder. 


Fig.  141. — De  La  Vergne  Rpe  Joint.     Perspeclive  View. 

Figs.  141  and  142  illustrate,  in  perspective  and  vertical  central 
sectiwi,  the  De  La  Vergne  type  of  pipe-joint.  To  ensure  a  tight  joint 
to  withstand  high  pressure  the  flanges  are  connected  to  the  pipes  both 
by  screw  threads  and  solder,  the  latter  being  run  into  the  annular 
recesses  or  clearances  shown  above  the  threaded  portions,  the  surfaces 
of  which  are  well  tinned.  The  joint  between  the  flanges  is  formed  by 
an  annular  projection  upon  the  one  fitting  into  a  corresponding  groove 
formed  in  the  other,  which,  when  the  nuts  are  screwed  up  upon  the 
bolts  for  connecting  the  flanges,  is  pressed  home  and  bears  upon 
a  suitable  packing  ring  inserted  into  the  boHom  of  the  correspond- 
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ing  groove  or  recess,  and  thus  forms  a  perfectly  gas-ttght  joint  Similar 
screwed  and  soldered  joints  are  likewise  employed  wherever  it  is 
necessary  to  use  a  return  bend,  elbow,  tee,  cross,  or  other  connecting 
piece.     The  fittings  are  either  made  of  malleable  iron  or  steel. 

The  result  of  covering  the  thread  of  the  pipe  with  solder,  and 
running    the    latter    into    the    above-mentioned    annular    recess    or 


Kig.  141. — De  La  Vergne  Kpc  Joint.      Vertical  Cenlral  Section. 

clearance,  and  thus  forming  a  compound  screwed  and  soldered  joint, 
is,  that  what  is  otherwise  the  weakest  part  of  a  length  of  piping  becomes 
the  strongest.  It  is  staled  by  the  Company  that  it  has  been  invariably 
found  that  \khen  the  usually  applied  test  of  1,000  lbs.  hydrostatic  pres- 
sure to  the  square  inch  is  overrun,  the  pipe  rips  open  before  the  joint 
gives  out. 

Fig.  143  is  a  vertical  central  section  illustrating  the  Kilboum  jfrint, 
which  is  especially  intended  for  use  where  it  is  necessary  to  set  tubes 
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or  pipes  in  places  where  an  expander  cannot  be  used,  or  where  sweating 
or  soldering  is  requisite  to  make  a  perfect  gas-tight  joint  adapted  to 
withstand  very  high  pressures.  As  will  be  seen  from  the  illustration 
the  extremity  of  the  pipe  is  flanged  and  securer!  in  a  recess  in  the  plate 
by  means  iif  a  nut  or  collar,  after  which  solder  is  run  round  it. 
Where  the  plate  is  of  insufficient  thickness  to  allow  for  a  depression 
being  left  for  the  solder  a  rib  is  formed  thereon,  as  shown.  In 
this  manner  the  inventor  claims  that  the  pipe  or  tube  can  be  so  secured 
to  a  tube  plate  or  its  equivalent  that  it  will  be  perfectly  firm  and  rigid, 
and  that  the  solder  will  retain  its  hold  against  all  ordinary  or  usual 
contingencies,  whilst  at  the  same  time  forming  a  perfectly  gas-tight 
joint  In  Fig,  144  is  shown  the  Kilboum  coupling  {or  connecting 
together  different  lengths  of  pipe,  or  forming  joints  between  the  latter 


and  their  connections,  where  fluid-tight  joinis  (o  withstand  very  high 
pressures  are  demanded.  The  usual  internally  screw-threaded  socket 
is  chamfered  or  bevelleil  at  its  extremities,  and  caps  having  internally 
chamfered  shoulders  and  bored  to  fit  over  the  pipes,  and  over  the 
socket,  are  forced  against  the  latter  by  means  of  back-nuts,  so  as 
to  compress  the  packing  rings  or  jointing  materials,  placed  between 
the  chamfers  on  (he  socket  and  caps,  as  shown,  and  thus  form  a  per- 
fectly gas  or  fluid-tight  joint. 

In  forming  a  screwed  and  soldered  joint  (Figs.  141  and  142)  f>f 
the  type  above  describe^t,  owing  to  the  comparatively  small  amount 
of  surfaces  in  actual  contact  and  tending  to  prevent  leakage,  it 
is  essential  that  great  care  should  he  taken  in  order  to  ensure  the 
lasting  qualities  of  the  joint,  and  if  these  precautions  be  observed,  and 
the  joint  be  well  made,   it  will  remain  gas-tight  for  a  considerable 
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number  of  years.     Those  portions  of  both  the  exterior  and  int^or 
surfaces  of  the  pipes  between  which  the  solder  is  poured  should  be 
first  carefully  tinned,  this  operation  bring  performed  just  before  the 
formation  of  the  joint,  so  as  to  avoid  the  injury  that  might  otherwise 
occur  to  the  thin  lavers  of  tin,  and  thus 
to  ensure  as  perfect  surfaces  as  possible 
and  admit  of  as  firm  as  practicable  an 
adherence  of  solder  to  both  of  the  sur- 
faces to  be  united. 

Ail  grease  having  been  first  carefully 
removed  by  scraping  and  washing  over 
with  killed  or  prepared  hydrochloric 
or  muriatic  acid,  the  tinning  of  the  faces 
can  be  ea^ly  performed  by  means  of  a 
soldering  iron  in  the  ordinary  manner. 
The  killing  of  the  hydrochloric  acid  is 
effected  by  placing  in  it  pieces  of  zinc 
until  all  ebullition  ceases,  and  after 
cooling,  diluting  the  acid  with  water  in 
the  proportion  of  two  parts  of  the  latter 
to  one  part  of  the  former. 

It  will,  of  course,  be  understood  that 
to  disconnect  a  screwed  and  soldered 
joint,  a  sufficient  application  erf  heat 
must  be  made  to  melt  or  fuse  the 
soldCT. 

Figs.  14s  to  158  show  a  few 
amongst  the  numerous  other  joints  that 
have  been  brought  out  and  used. 
F'g-  145  is  a  very  substantial  pattern 
of  steel  flange  union  or  connection, 
in  which  a  blue-lead  gasket  is  used 
which  is  cast  to  fit  into  the  square- 
groove  in  the  face  of  one  of  the 
flanges,  the  rib  or  projection  on  the 
opposite  flange  also  fitting  into  this 
groove  so  that  when  the  flanges  art 
four    bolts,     the     lead  gasket     will     be 

groove,  the  latter  preserving  the  form  and  thickness  of  the  gasket, 
—■ ■  "T  forming  a  perfectly  gas-tight  joint.     Similar  types  of  unions 
1  I'igs.  146  and  147.     The  flange  unitm  shown  in 


Fig.  144. — Kilboum  Jobt  for 
connecting  different  lengths  of 
pipes.  Vertical  Central  Section 
through  Joint. 

;    drawn    together    by    the 
pressed     firmly     into     the 


are  aJso  shown  i 
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Fig.  149  is  intended  for  a  joint  made  with  rubber  ajid  gasket,  ot  any 
sheet  packing  similar  to  that  used  for  gas,  water,  and  steam,  and  the 
flanges  are  made  of  steel. 

By  reason  of  the  laiger  surfaces  that  are  in  contact,  flange  joints 
fonned  in  the  ordinaiy  manner  would  remain  gas-tight  for  a  longw 


F'g-  145.— Flange  Coupling  ot  Union  for  lead  gasket.     \'crlical  Central  Section. 

time  than  would  be  the  case  with  screwed  joints.  Ammonia-tight 
flange  joints  can  be  made  by  the  insertion  of  a  common  gasket,  and 
with  flanges  adapted  for  the  use  of  sheet  packing  of  the  kinds  used 
for  steam  and  hydraulic  joints,  but  in  the  latter  case  it  is  preferable  to 


employ  flanges  having  on  one  of  their  faces  a  circular  raised  rib  or 
fillet,  and  in  the  other  face  a  corresponding  groove  or  recess,  as  shown 
in  Fig.  149. 

Fig.  150  shows  a  De  La  Vergne  soldered  pipe  joint-socket  bend  or 
elbow  for  ammonia  pipes.     Fig.  151  is  a  return  socket  bend.     Fig.  152 
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is  a  flange  bend  ot  elbow  for  gasket  joint     Figs.  155  and  154  is  a  side 
view,  partly  in  elevation,  and  an  end  view  of  the  Frick  evaporating 


Fig.  148.— Frick  Coupling  oi 
Union  lor  Small  Pipes.  Vcrli. 
caJ  CcDtml  Section. 


Fig.  149. — FlangeCooplingor 
Union  for  Sheel  Packing.  Ele- 
valion  partlyjin  Cenlra]  Section. 


coil  bend.     Fig.  155  is  an  end  view,  and  Fig.  156  is  a  side  view  of  a 
flange  return  bend,  and  Figs.  157  and  158  show,  in  side  elevation 


T  E]l>ow.     Vertical 


and  vertical  central  section,  a  form  of  return  bend  or  head  formed  in 
halves  for  use  in  places  where  it  is  desired  to  disconnect  any  one  of  the 
coils  of  a  stack.     The  pipes  are,  it  will  be  seen,  connected  to  the 
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head  by  screwed  and  soldered  jcunts,  and  the  two  halves  of  the  head 
are  arranged  to  form  an  ordinary  flange  union,  a  suitable  insertion 


being  used  to  form  a  gas-tight  joint,  and  two  long  side  bolts  (one  of 
vhich  only  is  shown  fully  in  the  illustrations)  and  a  shorter  bolt  at  the 


bend  serving  to  clamp  them  together.     The  illustrations  are  for  the 
most  part  sufficiently  clear,  and  require  but  little  explanation. 

By  the  use  of  electric  welding  makers  are  now  enabled  to  provide 
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long  continuous  coils  of  pipe  and  so  for  the  most  part  dispense  with 
the  use  of  joints  in  awkward  places. 

Means  for  Increasing  Cooling  Surfaces  of  Pipes. 
Fig.  159  is  a  perspective  view  of  a  disc  or  gill  which  is  formed  in 
halves,  one  of  which  is  shown  removed  in  Fig.  160.     The  two  halves 
or  parts  of  the  di.sc  are  adapted  to  be  secured  together  upon  the 


Figs.  15s  and  156. — FlanEe  Relum-beod.     End  View  and  Side  View. 


r^/STi 
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pipe  by  means  of  iron  clips  which  press  them  against  the  pripe. 
These  discs  are  fixed  at  regiilar  intervals  upon  the  cooling  or  re- 
frigerating pipes  in  the  cold  stores  or  chambers,  after  they  are  all  put 
up,  and,  according  to  the  inventors,  thdr  effect  is  to  increase  the 
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cooling  surface  to  such  an  extent  that  only  one  foot  of  pipe  is  found 
requisite  where  four  would  be  necessary  without  them.  These  remov- 
able discs  or  gills  are  made  by  Messrs.  De  La  Vergne  and  Co. 


Figs.  159  and  160.— Discs  or  Gills  for  Increasing  the  Surface  of  Refrigerating 
Pipes.  View  showing  Gill  fixed  in  position  on  pipe,  and  View  showing  one-half  ol 
Gill  removed. 

Mr.  B.  Lebrun,  of  Nimy,  Belgium,  also  makes  a  pattern  of  cooling 
pipe  with  gills  or  flanges.  These  pipes  are  of  cast-iron,  and  the  gills 
or  flanges  are  formed  therewith.  Several  other  arrangements  on  the 
same  principle  have  been  devised  for  increasing  the  surface  of  cooling 
or  refrigerating  pipes. 


ILD  STORAGE. 

Refrieeralion  by  means  of  Coin- 
:ircutatioa  System. — The  Direct 
n. — Piping  for  Cold  Stores. 

of  cold  upon  organic  sub' 
of  human  beings,  and  hat 
utrefaction  various  alim«i- 

e  to  produce  a  lefrigeratad 
obtained  aie  far  from  satia- 
:hambers  so  cooled  being 
melting  ice,  and  the  meat 
s  musty  and  disagreeable 
sfully  keeping  meat  in  arti- 
ily  from  the  invenliMi  of 
ating  system  in  1873,  by 
mospbere,  wherein  organic 
at  that  temperature  nhich 
ifrigeration  is  therefore,  it 

forking  upon  the  compres- 
old-air  machines  are  em- 

the  cold  is  best  applied 
freezing  throughout,  and 
he  meat  by  the  freeiing 
ntemal  heat  is  sufficiently 
lerature  of  at  least  as  low 
cooling  ships'  holds,  cold 
ises,  temperatures  varying 
Jrdance  with  the  material 


244  REFRIGERATION  AND  COLD  STORAGE. 

being  dealt  with,  an  even  temperature  in  every  part  being  absolutely 
necessary.  When  freezing  carcasses  they  must  be  hung  at  such  dis- 
tance apart  as  to  admit  of  a  ready  circulation  of  the  cold  air  round 
them  taking  place ;  for  storage  for  transportation,  however,  it  is  recom- 
mended to  pack  them  as  tightly  together  as  possible,  provided  no 
injury  through  bruising  be  caused,  and  that  a  sufficient  clearance  or 
free  space  be  left  for  the  circulation  of  the  cold  air  between  the 
carcasses  and  the  inner  lining  of  the  storage  chamber.  The  tempera- 
ture of  cold  land  stores  or  chambers  for  storing  and  preserving  unfrozen 
meat  need  not  be  lower  than  25**  Fahr.,  but  should  not  rise  above  30° 
Fahr.  When  the  meat  is  frozen,  however,  as  it  must  be  when  it  has  to 
be  kept  for  any  length  of  time,  it  may  advantageously  be  maintained  at 
as  low  a  temperature  as  15°  Fahr. 

The  atmosphere  of  cold  stores  in  some  instances  should  be  kept  as 
diy  as  practicable;  whilst  in  others  a  certain  amount  of  moisture  is 
desirable,  as,  for  instance,  when  used  for  preserving  fish,  eggs,  and 
cheese,  which  are  injured  by  the  air  being  too  dry.  For  preserving 
meat  for  comparatively  short  periods  the  best  temperature  is  from 
30°  to  40°  Fahr.,  as  most  descriptions  are  injured  to  a  greater  or 
less  extent  if  permitted  to  freeze,  by  the  bursting  of  the  vesicles  of 
which  flesh  is  composed.  When,  however,  it  is  required  to  be  pre- 
served for  a  longer  period  than,  say,  three  weeks  it  is  absolutely 
essential  that  the  meat  should  be  frozen,  otherwise  a  slight  decomposi- 
tion will  take  place,  and  it  will  become  greatly  deteriorated. 

When  a  cold-air  machine  is  employed  for  refrigeration,  the  cold 
air  is,  as  a  rule,  admitted  to  the  freezing  room,  cold  storage  chamber, 
or  chill  room  through  ducts  placed  near  the  ceiling,  and  after  it  has 
done  its  duty  is  conducted^  back  again  to  the  compressor,  wherein, 
after  being  mixed  with  a  sufficient  amount  of  fresh  air,  it  is  again 
compressed. 

The  most  advantageous  method  of  conveying  the  cold  air  from  the 
machine  to  the  chill  room  or  cold  store  or  chamber,  is  by  means  of 
wooden  trunks  or  conduits  discharging  into  the  latter  through  an  inlet 
situated  at  or  near  the  ceiling  at  one  extremity  thereof,  the  used  or 
spent  air  being  withdrawn  through  a  similarly  situated  outlet  and  con- 
duit at  the  other  extremity.  All  abrupt  rises  or  falls  or  bends  in  the 
air  trunks  should  be  avoided,  and  their  length  should  not  be  excessive, 
as  the  loss  experienced  through  the  rise  in  temperature  of  the  air  in 
the  latter  case  would  be  very  considerable.  The  extreme  limit  of 
distance  to  which  it  is  advisable  to  convey  the  cold  air  through  these 
conduits  is  200  ft. 
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When  carcasses  are  to  be  congealed,  the  temperature  of  the  freezing 
chamber  or  room  should  be  maintained  at  about  10^  Fahr. ;  as  has 
been  already  stated,  however,  the  cold  should  on  no  account  be  applied 
too  rapidly  at  starting,  but  gradually,  so  that  the  internal  heat  may 
be  first  sufficiently  reduced,  to  avoid  injury  to  that  portion  of  the  meat, 
before  the  outer  surface  becomes  frozen. 

For  after  preservation  of  frozen  meat  it  is  sufficient  to  keep  the 
atmosphere  of  the  chamber  or  store  down  to  a  temperature  of  about 
15°  or  18°  Fahr. ;  it  should  not,  however,  be  allowed  to  rise  above 
20°  Fahr. 

Refrigeration  by  Means  of  Cold-Air  Machines. 

According  to  Colonel  B.  H.  Martindale,  C.B.,  R.E.,  the  general 
manager  of  the  London  and  St.  Katherine  Dock  Company,  in  1886 
they  had  56  refrigerating  chambers  in  two  vaults,  the  smallest  of  which 
chambers  had  a  cubic  content  of  2,273  ft.,  and  the  largest  thereof 
of  9,280  ft,  the  total  content  of  the  56  chambers  being  something 
over  183,000  cubic  ft.  The  carcasses  of  the  sheep  averaged  in  weight 
56,  60,  and  72  lbs.  each;  and  the  whole  of  the  chambers  completely 
filled  would  contain  about  59,000  sheep  of  the  first  weight,  56,000 
of  the  second,  and  44,000  of  the  third;  in  practice,  however,  a  space 
or  clearance  had  to  be  left  for  gangways,  and  for  separating  different 
marks,  for  which  a  deduction  had  to  be  made  from  the  total  storage 
capacity,  and  taking  the  shipments  as  they  chanced  to  arrive,  the 
above  space  was  equal  to  the  storing  of  the  carcasses  of  about  44,000 
sheep. 

The  cold-air  machines  employed  in  connection  with  the  56 
chambers"  in  question  comprised  four  Haslam  60,000  cubic  ft. 
machines,  and  three  Hall  30,000  cubic  ft.  machines,  supplied  with 
steam  from  three  multitubular  boilers  of  the  marine  type,  and  four 
boilers  of  the  locomotive  type,  the  former  having  been  found  in  practice 
to  be  the  best.  One  of  the  Haslam  60,000  cubic  ft.  machines  worked 
on  15  chambers,  having  a  total  capacity  of  48,000  cubic  ft,  and 
capable  of  storing  11,000  carcasses  of  sheep  averaging  in  weight  72  lbs. 
each,  but  which  storage  capacity  was  reduced  by  gangways,  &c.,  to 
between  8,000  and  9,000.  The  engine  was  kept  running  twenty  hours 
out  of  every  twenty-four,  the  said  stoppage  including  the  time  required 
for  clearing  the  snow  from  the  valves,  snow  boxes,  and  air-trunks.  The 
average  speed  was  80  revolutions  per  minute,  at  an  air  pressure  of 
44  lbs.  per  square  inch,  giving  a  temperature  of  —70°  in  the 
snow  boxes,   and   keeping  the   temperature   of  the   chambers   down 
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to  from  15°  to  18°  Fahr.,  which  was  found  in  practice  to  be  about 
the  best  temperature  to  keep  the  meat  at.  Better  results 
were  obtained  in  proportion  to  the  fuel  consumed,  by  work- 
ing at  an  air  pressure  of  about  44  lbs.  per  square  inch,  instead 
of  50  lbs.  and  upwards;  not  giving  such  a  low  temperature  in  the 
snow  boxes,  but  about  —50°  Fahr.  instead  of  —60°  or  —70°,  and 
delivering  a  larger  volume  of  cold  air  into  the  chambers.  The  pro- 
portionate rise  in  temperature  was  then  much  less  between  the  delivery 
from  the  expansion  cylinder  ttnd  the  distant  chambers.  Twenty-four 
chambers,  with  a  capacity  of  90,000  cubic  ft.,  were  worked  by  two 
Haslam  60,000  cubic  ft.  machines,  running  at  an  average  of  70  revolu- 
tions per  minute,  with  an  air  pressure  of  40  lbs.  per  square  inch,  the 
temperature  in  the  snow  box  being  —55°  Fahr. 

The  atmosphere  of  the  chamber  next  the  machine  could,  as  a  rule, 
be  kept  at  a  sufficiently  low  temperature  with  but  little  opening  of 
the  delivery  ports  in  the  air-trunks,  and  almost  without  admitting  air 
at  all,  as  the  mere  passage  of  the  said  air-trunks  through  it  kept  it 
nearly  cool  enough.  The  greatest  care  was  taken  in  regulating 
the  delivery  and  return  air-ports  or  apertures,  gradually  increasing  the 
area  of  both  in  proportion  to  the  increased  distance  from  the  machine ; 
the  greatest  distance  to  which  the  cold  air  was  conveyed  being  180  ft. 

The  practical  result  of  the  observations  taken,  which  extended  over 
some  time,  was  that  the  rise  of  temperature  in  travelling  was  1°  Fahr. 
for  every  18  or  20  ft.  travelled;  but  this,  of  course,  must  not  be  taken 
for  more  than  the  result  arrived  at  from  general  working  under 
existing  conditions.  It  was  likewise  found  that  from  i  to  ij^  cubic 
ft.  of  cold  air  per  hour  would  keep  cool — say  at  18°  Fahr. — i  cubic 
foot  of  storage  at  a  distance  not  exceeding  180  ft,  or  say,  at  an 
average  distance  of  90  ft.  from  the  machine.  The  first  amount  named, 
viz.,  I  cubic  foot  of  cold  air  per  hour  to  each  cubic  foot  of  storage, 
was  the  result  arrived  at  during  temperate  weather,  and  this,  it  is  esti- 
mated, would  most  probably  be  amply  sufficient  were  the  chambers 
fully  stored  with  carcasses,  and  left  entirely  undisturbed;  but  as  this 
is  not  possible  in  practice,  an  allowance  has  to  be  made  for  the 
opening  of  doors  for  the  purpose  of  deliveries  and  so  on;  and  the 
second  amount,  or  ij4  /cubic  ft.  of  air  per  hour  for  every  cubic  foot  of 
storage  that  it  was  desired  to  keep  down  to,  say,  18"^  Fahr.,  was  found 
to  be  about  correct  for  general  practice. 

The  coal  consumption  was  stated  to  be  for  three  machines,  giving 
out  nominally  120,000  cubic  ft.  of  air  (one  60,000  cubic  ft.  and  two 
30,000  cubic  ft.  machines),  4%   tons  of  coal  in  twenty  hours;   and 
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two  60,000  cubic  ft.  jnachines,  working  under  practically  similar  con- 
ditions, had  a  like  consumption.  The  coal  used  was  ordinary  Welsh 
coal,  costing  about  16s.  6d.  per  ton. 

The  London  and  India  Docks  Co.,  when  the  extensions  now  in 
progress  are  completed,  will  have  refrigerated  accommodation  capable 
of  receiving  550,000  sheep.  The  extension"  consists  of  twelve  cold 
chambers  on  three  floors. 

Refrigeration  by   Means  of   Compression   or   Absorption 

Machines. 

When  refrigerating  machines  wherein  the  cooling  is  effected  by 
the  evaporation  of  a  volatile  liquid  are  employed,  the  refrigeration  can 
be  conveniently  effected  in  three  ways,  viz. : — 

First — ^by  cooling  a  ncMi-congealable  salt  brine,  and  then  pumping 
it  through  a  system  of  pipes,  or  of  open  troughs  in  the  chambers. 
Secondly — ^by  causing  a  current  of  air,  generated  by  means  of  a  fan 
or  otherwise,  to  impinge  against  surfaces  reduced  to  a  low  tempera- 
ture by  the  expansion  of  the  refrigerating  agent  itself,  or  by  an  internal 
circulation  di  cooled  brine,  and  conducting  the  cold  air  to  the  refri- 
gerating chambers.  And  thirdly — ^by  expanding  the  gas  direct  through 
pipes  placed  in  the  chambers. 

The  m£dn  advantage  claimed  for  the  first  of  these  plans  is  that  it 
admits  of  the  machine  being  stopped,  and  when  an  independent  brine 
pump  is  employed,  the  brine,  wherein  a  large  reserve  of  cold  is  stored 
up,  can  be  continued  in  circulation  for  a  considerable  time  before  any 
thawing  from  rise  of  temperature  and  consequently  dripping  will  take 
place  from  the  pipes. 

The  Brine  Circulation  System. 

The  agent  employed  in  the  brine  circulating  system  consists  of  a 
solution  of  chloride  of  sodium  or  common  salt,*  or  of  chloride  of 
calcium,*  chloride  of  magnesium,  or  any  other  suitable  solution  capable 
of  standing  very  low  temperatures  without  congealing.  To  extract  or 
absorb  the  heat  from  the  brine,  the  simplest  and  best  method  is 
undoubtedly  that  most  commonly  employed,  which  consists  in  passing 
it  through  a  tank  of  ample  dimensions  fitted  with  suitable  coils  of  pipes, 
through  which  the  chilled  liquefied  ether,  carbonic  acid,  ammonia,  or 
other  volatile  refrigerating  agent,  circulates,  vaporises  or  gasifies,  ex- 
pands, and  subsequently  returns  therefrom  in  the  form  of  a  gas  or 
vapour  to  the  compressor,  in  one  system ;  and  in  the  other,  in  the  form 
of  a  strong  solution  to  the  generator.     An  expansion  valve  or  cock, 

♦  For  proportions,  &c.,  of  these  solutions,  see  p.  459. 
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such  as  one  of  those  illustrated  in  Figs.  119  to  127  (pages  221  to  226), 
is  fitted  to  the  inlet  ends  of  the  submerged  coils.  The  brine,  being 
thus  deprived  of  a  large  portion  of  its  heat,  is  then  drawn  away  from 
this  refrigerating  or  cooling  tank  or  vessel  by  the  brine  circulating 
pump,  and  is  forced  through  the  system  of  cooling  pipes  in  the 
refrigerating  chamber  or  cold  store. 

The  arrangement  of  the  cooling  pipes  in  cold  stores  for  preserving 
provisions  of  a  perishable  nature  requiring  to  be  kept  at  various  tem- 
peratures between  25^  and  45°  Fahr.,  in  accordance  with  the  descrip- 
tion and  nature  of  the  provisions,  or  of  those  in  chambers  for  freezing 
or  congealing  meat  and  keeping  it  frozen,  which  require  to  be  main- 
tained at  temperatures  of  between  10°  and  18°  Fahr.,  according  to 
the  work  demanded,  only  diifer  from  other  installations  in  the  par- 
ticular dispositicm  and  numbers  of  the  pipes,  the  chambers  intended 
for  the  latter  purpose  being,  of  course,  fitted  with  the  greatest  number. 

The  Direct  Expansion  System. 

When  the  direct  expansion  system  is  in  use  the  pipes  should 
invariably  be  of  wrought-iron,  and  even  where  the  brine  circulating 
system  is  employed  they  should  preferably  also  be  of  the  latter  material 
in  the  case  of  freezing  chambers,  as  the  heat  from  the  chambers 
passes  more  readily  through  the  thinner  walls  of  the  smaller  wrought- 
iron  pipes.  Besides  which  there  is,  as  has  been  already  mentioned 
elsewhere,  a  considerable  saving  of  space. 

One  advantage  of  this  system  is  that  a  more  economical  and  rapid 
cooling  is  effected  than  with  the  brine  circulation ;  another  is  the  simpli- 
fication of  the  apparatus  and  the  reduction  in  the  first  cost  thereof. 
To  counterbalance  which  advantages,  however,  there  is  the  danger  to 
human  life,  of  damage  to  the  contents  of  the  refrigerating  chambers, 
and  of  fire,  should  any  leakage  of  the  gas  or  vapour  from  the  cooling 
pipes  take  place,  and  also  the  impossibility  of  shutting  down  the  machine 
even  for  a  few  minutes  without  the  cooling  pipes  commencing  to  drip. 

As  regards  damage  to  the  contents  of  the  rooms  or  chambers  by 
reason  of  an  escape  of  the  refrigerating  agent,  however,  carbonic  acid 
is  known  to  be  non-injurious,  and  as  regards  ammonia  the  fears  of 
any  deterioration  in  the  quality  of  fresh  meat,  which  is  being  frozen  or 
preserved,  resulting  from  any  accidental  leakage  of  the  pipes,  would 
seem  to  be  totally  groundless,  judging  from  the  results  of  recent 
practice,  and  the  opinion  of  experts. 

On  this  head  the  following  extract  from  an  article  published  in 
the  Scientific  American,  in  1889,  is  of  interest : — 
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"  Some  >ears  ago  Dr.  B.  W.  Richardson,  in  a  communication 
to  the  Medical  Society,  called  attention  to  the  antiputrescent  pro- 
perties of  ammonia,  and  showed  that  blood,  milk,  and  other  alterable 
liquids  6ould  be  preserved  for  a  long  time  by  adding  to  them  certain 
quantities  of  solution  of  ammonia;  and  solid  substances,  such  as  flesh, 
by  keeping  them  in  closed  vessels  filled  with  ammonia  gas.  Some 
doubts  that  would  appear  to  have  been  raised  as  to  the  results  reported, 
on  the  ground  that  ammonia  was  itself  a  product  of  decomposition, 
induced  Dr.  Gottbrecht,  of  the  University  of  Greifswald,  to  repeat  the' 
experiments  with  the  result  of  practically  confirming  all  Dr.  Richard- 
son's statements.  After  some  preliminary  experiments,  in  which 
animal  matter  placed  in  5  per  cent,  of  ammonia  solution  was  found  free 
from  putrescence  after  nearly  two  years,  ammonium  carbonate  was 
used  in  place  of  the  free  alkali  Jor  the  saJce  of  convenience.  The  first 
experiment  made  with  the  washed  intestines  of  freshly  killed  pigs, 
showed  the  power  of  ammonium  carbonate  to  retard  putrefaction 
to  be  directly  dependent  upon  the  concentration  of  the  solution,  a  i  per 
cent,  solution  retarding  it  until  the  third  day,  a  10  per  cent,  solution  un- 
til about  the  sixtieth  day.  •  When  added  to  gelatine  in  which  putrefaction 
had  already  been  set  up  by  inoculation,  it  was  found  that  a  5  per  cent, 
solution  so  modified  the  conditions  that  the  putrescence  ceased,  and 
a  2j4  per  cent,  solution  inhibited  the  development  of  bacteria,  so  that 
the  liquefaction  of  the  gelatine  was  practically  stopped.  Other 
experiments  showed  that  in  an  atmosphere  impregnated  with  ammonium 
carbonate  meat  could  be  kept  for  six  months,  and  at  the  end  of  that 
time  remain  nearly  unaltered." 

When  chambers  are  refrigerated  on  the  direct  expansion  system 
it  is  nevertheless  essential  that  the  system  of  pipes  employed,  which 
can  be  arranged  on  any  of  the  plans  adopted  in  the  case  of  brine 
circulation,  should  be  such  as  to  reduce  as  far  as  practicable  to  a 
minimum  the  chance  of  leakage  taking  place  at  the  joints,  cocks, 
valves,  etc.,  as,  independently  altogether  of  any  possible  damage  to 
the  contents  of  the  stores  or  chambers,  it  is  highly  desirable,  for 
economical  reasons,  that  as  little  as  possible  of  the  circulating  agent 
be  lost.  Various  gas-tight  joints  have  been  already  briefly  described 
in  a  previous  chapter. 

Ammonia,  both  in  a  liquid  and  gaseous  condition,  has  no  chemical 
effect  whatever  upon  iron,  consequently  the  cooling  pipes  require  no 
protection  except  upon  the  exterior,  which  should  receive  a  coat 
of  paint  every  year  to  prevent  them  from  rusting. 

So  long,  however,  as  the  pipes  are  coated  with  snow  or  ice  no 
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coiTOuon  will  take  place,  even  externally,  z&  they  are  thoroughly  pro- 
tected thereby  from  the  oxidizing  effect  of  the  atmosphere ;  when,  how- 
ever, they  are  subjected  to  alternate  freezing  and  ihawinp,  as  is  usually 
the  case  during  actual  work,  when  the  chambers  or  stores  are  alternately 
in  and  out  of  use,  then  they  must  be  protected  as  above  mentioned. 

There  is  not  the  least  doubt  but  that  the  direct  expansion  system 
is,  as  has  been  before  mentioned,  more  eronomical  than  the  brine  circu- 


lation system.  This  will  be  obvious  when  it  is  remembered  that  every 
transmission  of  heat  must  of  necessity  entail  a  loss  of  efficiency.  A  far 
higher  e^■aporating  pressure  can  be  maintained  in  direct  pipes  than  in 
evaporating  coils  in  a  brine  tank,  whilst  at  the  same  time  they  have 
still  within  them  a  far  lower  temperature  than  in  the  latter.  The 
result  of  this  is  that,  in  the  compression  system,  the  gas  is  sucked  into 
the  compressor  at  a  greater  back  pressure  when  direct  expansion  is 
employed,  and  a  far  larger  amount  of  efficiency  is  obtained.  The 
cold,  moreover,  bdng  produced  exactly  where  it  is  required,  there  is 
practically  no  waste. 

The  diagram.  Fig.  i6i,  and  the  following  table,  show  the  variations 
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in  capacity,  etc.,  of  a  refrigerating  machine,  and  the  economy  of 
direct  expansion,  as  drawn  up  by  the  De  La  Vergne  Company. 

In  the  above  diagram  the  line  marked  ''  capacity  of  machine " 
shows  the  diminished  capacity  as  the  back  pressure  is  reduced.  If 
the  machine  has  a  capacity  of  ten  tons  at  a  return  pressure  of  28 
pounds,  as  shown  by  the  vertical  height  of  the  curve,  it  has  a  capacity 
of  five  tons  only  with  a  return  pressure  of  six  pounds.  Under  the  same 
circumstances  the  cost  of  fuel  per  ton  is  increased  in  the  ratio  of 
the  vertical  heights  to  the  curve  marked  "  cost  of  fuel,"  namely,"from 
14-5  to  25.  In  other  words  the  cost  per  ton  is  nearly  doubled  while 
the  capacity  is  halved.  The  work  as  seen  by  the  curve  marked  "  work 
required  "  diminishes  very  slowly. 

This  shows  very  plainly  the  economy  of  direct  expansion.  The 
ammonia  in  the  coils  of  the  brine  tank  must  be  cooled  below  the  brine 
or  the  directly  expanded  ammonia.  If  the  difference  be  10°,  say  5^ 
instead  of  15*^,  then  the  capacity  of  the  machine  is  reduced  in  the  ratio 
of  10  to  8  or  20  per  cent.,  and  the  cost  for  fuel  increased  in  the  ratio 
of  from  1 4' 5  to  1 7 '5  or  20  per  cent. 

These  are  physical  facts  which  cannot  be  explained  away,  and  the 
economy  of  direct  expansion  in  practice  ^over  both  brine  and  air 
circulation  is  usually  greater  than  the  diagram  and  table  illustrates. 

Cubic  feet  of  Ammonia  Gas   per   minute  to  produce   one  ton 

OF  refrigeration  per  day. 
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In  the  brine  system,  on  the  other  hand,  the  large  refrigerating 
or  cooling  tank  is  exposed  to  the  atmosphere,  and  even  when  insulated 
as  perfectly  as  possible,  a  considerable  amount  of  heat  is  unavoidably 
absorbed,  which  is,  of  course,  a  total  loss;  considerable  fuel  con- 
sumption is  moreover  required  in  the  brine  circulation  system,  for 
the  power  consumed  in  pumping  the  large  quantities  of  brine  through 
the  system  of  pipes  in  the  refrigerating  chambers  or  cold  stores,  which 
pipes  sometimes  run  to  many  thousands  of  feet  in  length,  and  thus  give 
rise  to  a  large  amount  of  friction ;  and  besides,  after  being  in  use  for 
some  time,  they  may  become  internally  coated  with  rust,  and  with  a 
slimy  deport,  which  not  only  produces  a  considerable  increase  in  the 
amount  of  the  friction  to  be  overcome  in  driving  the  brine  through 
them,  but  furthermore  forms  a  sort  of  non-conducting  coating,  and 
lessens,  to  an  appreciable  extent,  the  heat-absorbing  qualities  of  the 
system.  Altogether  it  is  not  improbable  that  the  entire  loss  through  the 
additional  consumption  of  fuel  entailed  from  all  the  above  causes  does 
not,  in  many  instances,  fall  far  below  25  per  cent,  of  the  entire  amount. 

Cold-Air  Blast  System. 

Apparatus  is  also  in  use  which  is  so  arranged  that  the  refrigerating 
coils  or  {Mpes  are  placed  in  a  separate  compartment  connected  with  the 
refrigerating  chambers  or  cold  stores,  and  air,  having  been  cooled  in 
the  first,  is  passed  into  the  latter,  the  circulation  being  kept  up  by 
means  of  a  fan  or  blower.  The  refrigerated  air  is  sometimes  first 
washed  and  freed  from  snow  by  passing  it  through  a  shower  of  cold 
brine,  and  dried  by  exposing  it  to  the  absorbent  action  of  calcium 
chloride  or  other  hygroscopic  material.  This  arrangement  is  possessed 
of  one  of  the  advantages  derived  from  the  use  of  cold-air  machines, 
viz.,  that  e\'ery  part  of  the  apparatus  is  situated  externally  to  the 
refrigerating  chamber  or  cold  store,  and  consequently  accessible  at  all 
times.  Dripping  from  the  refrigerating  pipes  when  the  machine  is 
stopped  for  a  short  time,  and  the  temperature  of  the  chamber  or  store 
rises  slightly,  is  also  avoided. 

On  the  other  hand,  however,  there  is  a  considerable  loss  by  reason 
of  the  absorption  of  heat  by  the  cold  air  on  its  way  from  one  chamber 
to  the  other;  an  increased  consumption  of  fuel,  owing  to  the  power 
required  to  work  the  fan  or  blower  for  keeping  up  the  air  circulation ; 
and  finally  the  loss  of  possibly  valuable  space  taken  up  by  the  chamber 
required  for  the  purpose  of  cooling  the  air. 

The  plan  wherein  air,  refrigerated  by  contact  with  brineK:ooled 
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surfaces,  instead  of  by  direct  expansion,  is.  passed  into  the  chambers  or 
stores,  is  evidently  still  more  costly  inasmuch  as  there  are  not  only  the 
losses  entailed  from  the  above-mentioned  sources,  but,  furthermore, 
that  caused  by  another  transmission  of  heat. 


PIPING  FOR  COLD  STORES. 
Amount  of  Refrigeration  Required. 

The  refrigeration  required  will  be  governed  by  the  size  of  the  store, 
the  amount  of  and  frequency  with  which  the  goods  are  brought  into 
the  store  and  removed  from  it,  the  temperature  of  the  goods,  and  their 
specific  heat,  the  mean  external  temperature,  the  greater  or  lesser 
perfection  of  the  insulation,  and  various  other  matters,  which  render  it 
totally  impossible  to  lay  down  any  hard  and  fast  rules. 

A  very  usual  practice  is  to  provide  i  foot  run  of  2-inch  pipe  for 
every  seven  cubic  feet  of  space  contained  in  the  store,  but  sometimes 
the  proportion  used  is  as  much  as  one  to  five,  whilst  again  it  is  oc- 
casionally reduced  to  one  to  twelve.  For  refrigerating  meat,  in  which 
case  it  is  not  desirable  to  cool  the  exterior  too  rapidly  before  the 
interior  has  had  time  to  cool  to  a  certain  extent,  the  best  proportion 
to  employ  is  one  to  ten. 

Amount  of  Refrigerating  Pipes  Necessary  for  Chilling, 

Storage,  and  Freezing-Chambers. 

Chilling-rooms  or  Chambers^  refrigerated  on  the  direct  expansion 
system,  i-ft.  run  of  2-in.  piping  for  each  14  c.  ft.  of  space;  on  the  brine- 
circulation  system,  i-ft.  run  of  2-in.  piping  for  each  8  c.  ft.  of  space. 

Freezing-rooms  or  Chambers,  refrigerated  on  the  direct  expansion 
system,  ift  run  of  2-in.  piping  for  each  8  c.  ft  of  space  ;  on  the  brine- 
circulation  system,  i-ft.  run  for  each  3  c  ft.  of  space. 

Storage-rooms  or  Cliambersy  refrigerated  on  the  direct  expansion 
system,  i-ft.  run  of  2-in.  piping  for  each  45  c.  ft.  of  space ;  on  the  brine- 
circulation  system,  i-ft.  run  of  2-in.  piping  for  each  15  c.  ft  of  space. 

Extreme  Limits  of  Cubic  Feet  of  Space  per  running  foot 

OF  2-IN  Piping. 

These  are  given  in  the  following  table : — 

Breweries — Mediura'insulation. 

Chip  and  Stock  Rooms i  to  22 
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Fennenting  ami  Settling  Rooms 

. .     I  to  20 

Packing  Rooms 

..    .1  „  18 

Hop  Rooms 

. .     I  »  25 

Packing  House. 

Chill  Rooms  for  Beef 

..     I  „  12 

xiogs              ••            ••            ••            ••            •• 

..     I  »  10 

Freezing  Rooms 

..     I  „    6or    7 

Cold  Storage. 

Cold  Storage  Rooms 

. .     I  „  25  or  30 

Cold  Storage  House  and  Freezing  Rooms 

..     I  »    8 

For  Eggs,  brine  preferred           

..       I   „   12 

Cold  Storage         

■ .     I  »  25 

Ice  Storage           

. .     I  „  20 

Fish  Freezing  (direct  expansion) 

..     I  „    2 

The  following  five  tables  are  given  by  Prof.  Siebel  in  the  "  Com 
pend  of  Mechanical  Refrigeration." 


Lineal  Feet  of  i-inch  Piping  required  per  Cubic  Foot  of 

Cold  Storage  Space. 
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Note. — The  above  quantities  of  pipe  refer  to  direct  expansion,  and  should  be 
made  one  and  one -half  times  to  twice  the  length  for  brine  circulation.  To  find 
the  corresponding  lengths  of  ij-inch  pipe  divide  by  i'25  or  multiply  by  o*8 ;  of 
2 -inch  pipe  divide  by  1-08  or  multiply  by  0*55. 
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ns 


Number   of   Cubic   Feet  covered   by  One   Foot   of 

i-iNCH  IRON  Pipe. 
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i-o 
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330 

IIOO 
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Poor. 

1-3 

5-0 

8-5 
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170 

55 -oi 

NoT£. — The  above  figiires  refer  to  direct  expansion,  from  one-half  to  two-thirds 
of  the  spaces  only  would  be  covered  by  the  same  amount  of  pipe  in  case  of  brine 
circulation.  To  find  the  correjpondin}:>  amoimts  of  cubic  feet  ol  space  which  would 
be  covered  by  one  lineal  foot  of  i}-in.  pipe,  multiply  by  1*25  or  divide  by  0*8; 
of  2-in.  pipe,  multiply  by  i'o8  or  divide  by  0-55. 

Number  of  Cubic  Feet  covered  by  i-ton  Refrioerating 
Capacity  for  Twenty-four  Hours. 
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Refrigerating  Capacity  in   B.T.U.  Required  per  Cubic  Foot 
OF  Storage  Room  in  Twenty- four  Hours. 
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CHAPTER   XIII. 
REFRIGERATION  AND  COLD  STORAGE  (continued). 

I 

The  Construction  and  Arrangement  of  Cold  Stores  and  of  Cold  Storage  Rooms  or 
Chambers. — Ventilation. — Air  Circulation. — Insulation. — Railway  Vans. 

It  is  completely  beyond  the  scope  of  this  work  to  deal  with 
the  architectural  aspects  of  the  requisite  buildings^  and,  besides, 
these  latter  have,  as  a  general  rule,  to  be  adapted  to  the 
special  requirements  of  each  particular  case.  All  that  is  here 
contemplated,  therefore,  is  to  make  a  few  observations  upon  the 
internal  arrangement,  premising  that  wherever  possible  it  is  advan- 
tageous to  arrange  for  the  delivery  to  and  from  the  store  being  made 
from  the  uppermost  storey.  The  reason  for  this  is  obvious,  cold  air, 
being  heavier  than  warm  air,  has  a  tendency  to  sink  to  the  lowest 
level,  but  little  or  no  danger  exists,  therefore,  of  its  escaping  from 
above,  whilst,  on  the  contrary,  by  reason  of  its  weight,  it  would 
naturally  be  forced  out  of  any  open  door  or  window  placed  at  a  lower 
level.  The  possible  penetration  of  heat  frona  the  exterior  to  the 
interior  of  the  store  is  also  greatly  reduced. 

Failing  this  plan,  all  the  rooms  or  chambers  in  a  cold  store  should 
be  arranged  to  open  into  a  well-insulated  corridor,  or  in  the  case  of  a 
single  cold  storage  room  or  chamber,  into  a  porch,  lobby,  or  ante- 
chamber, by  which  means  the  penetration  of  heat  from  the  exterior 
into  the  room  or  chamber  when  it  has  to  be  entered  to  place  provisions 
therein,  or  to  remove  them  therefrom,  is  lessened. 

Cold  Rooms  or  Chambers. 

A  most  important  feature  in  the  internal  construction  of  a  cold  store 
is  the  insulation,  and  to  this  subject  it  is  intended  to  revert  at  some 
length  later  on  in  a  special  section  of  this  chapter. 
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At  the  Southampton  Docks  four  cold  stores  or  chambers,  having  a 
joint  capacity  of  47,000  cubic  ft.,  are  refrigerated  on  the  direct 
expansion  system  by  a  6  in.  by  12  in.  double-acting  De  La  Vergne 
machine,  having  two  compressors  driven  by  a  10  horse-power  gas- 
engine.  The  proper  insulation  of  the  stores  or  chambers  has  been  very 
carefully  attended  to,  and  a  few  hours'  working  out  of  every  twenty- 
four  is  stated  to  maintain  the  temperatures  sufficiently  low. 

The  ducts  or  inlets  for  the  admission  of  the  cold  air  into  the  store 
or  chamber  when  the  refrigeration  is  effected  by  means  of  a  cold-air 
machine,  or  by  air  reduced  in  temperature  in  a  separate  chamber  as 
before  described,  are  frequently  placed  as  close  to  the  roof  or  ceiling 
of  the  room,  whether  land  or  marine,  as  can  conveniently  be  done, 
this  having  been  stated  to  have  been  found  in  practice  to  be  the  most 
advantageous  position^  and  the  cold  air  having  performed  its  work  is 
drawn  off  at  outlets  also  situated  in  this  position.  It  is  very  doubtful, 
however,  whether  this  is  the  most  advantageous  arrangement,  and  this 
subject  will  be  further  discussed  later  on. 

In  packing  carcasses  in  a  cold  store  or  chamber,  they  should  be 
placed  as  close  together  as  possible,  taking  care,  however,  to  leave  a 
free  space  or  clearance  between  them  and  the  inner  lining  of  the  room, 
through  which  the  cold  air  can  freely  circulate. 

When  hanging  frozen  mutton  before  cooking,  care  must  be  taken 
that  it  is  so  placed  that  the  juice  will  not  run  out  of  the  cut-end.  For 
example,  hind-quarters,  haunches,  and  l^s  must  be  invariably  hung 
with  the  knuckle-end  downwards;  and  loins  and  saddles  by  the  flaps, 
so  as  to  give  them  a  horizontal  position.  The  cut-end,  moreover, 
should  always  be  presented  to  the  fire  first  when  cookrng,  thereby  seal- 
ing it  and  preventing  the  gravy  from  escaping  from  the  joint.  Frozen 
lamb  does  not  need  any  preliminary  hanging,  but  can  be  cooked  as 
soon  as  thawed. 

As  regards  the  capacity  of  a  machine  required  for  the  refrigeration 
of  a  cold-store  or  chamber  of  any  given  dimensions,  it  would  be 
obviously  impossible,  in  view  of  the  constantly  varying  circumstances 
of  each  individual  case,  to  lay  down  any  hard-and-fast  rules.  It  will 
have  to  be  separately  estimated  for  each  particular  installation,  in 
accordance  with  the  amount  of  cooling  work  which  is  necessary,  and 
which  it  is  desired  to  perform  upon  the  material  enclosed  in  the  cold- 
store  or  chamber,  and  by  the  amount  of  heat  that  is  calculated  to 
pass  into  the  latter  from  the  outside,  through  the  walls,  f  oor,  and  roof. 
It  will  consequently  be  thus  seen  that  the  capacity  of  the  apparatus 
will  depend  upon  the  lowest  internal,  and  the  highest  external  tern- 
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perature,  the  area  of  the  walls,  floor,  and  ceiling,  and  also  to  a  great 
extent  upon,  their  construction  being  carried  out  in  a  manner  more  or 
less  impervious  to  heat. 

As  a  general  rule,  however,  it  will  be  found  that,  owing  to  the  circu- 
lation of  the  air,  and  the  radiation  through  the  floor,  walls,  and  roof  of 
the  chamber,  the  cubical  contents  of  the  air  in  the  latter  will  require 
to  be  cooled  from  eight  to  fifteen  times  in  every  hour,  in  order  to 
ensure  the  temperature  being  assimilated  to  that  of  the  air  or  gas 
passing  out  of  the  machine. 

The  following  particulars  regarding  the  radiation  through  walls,  etc., 
are  given  by  Prof.  Siebel  :*  "  If  the  number  of  square  feet  contained  in 
a  wall,  ceiling,  floor,  or  window  /,  the  number  of  units  of  refrigera- 
tion, R,  that  must  be  supplied  in  twenty-four  hours  to  offset  the  radia- 
tion of  such  wall,  ceiling,  or  floor,  may  be  found  by  the  formula: 

R  =  /«  (/-/j)  B.T.  units, 
or  expressed  in  tons  of  refrigeration—- 

R  =  --  o^      -  '-  tons. 
284,000 

In  these  formulae  /  and  i^  are  the  temperatures  on  each  side  of  the 
wall,  and  n  the  number  of  B.T.  units  of  heat  transmitted  per  square 
foot  of  such  surface  for  a  difference  of  1°  Fahr.  between  temperature 
on  each  side  of  the  wall  in  twenty-four  hours.  The  factor  n  varies 
with  the  construction  of  the  wall,  ceiling,  or  flooring,  from  i  to  5." 

For  single  windows  the  factor  n  may  be  taken  at  12,  and  for 
double  windows  at  7  {Box), 

For  different  materials  one  foot  thick  the  following  values  are 
given  for  « : 


For  Pine  Wood 

.     20B.  T.  U. 

For  Sawdust.        .         .     riB.  T.  U. 

„    Mineral  Wool . 

.1*6 

„    Charcoal,  powdered     1-3       ,, 

„    Granulated  Cork 

.     1*3       »» 

„    Cotton    .         .        .07       ,, 

,,    Wood  Ashes  . 

.10       „ 

„    Soft  Paper  Felt       .0-5       „ 

For  brick  walls  of  different  thicknesses  the  factor  n  may  be  taken  as 
follows  after  Box : 

*  **  Compend.  of  Mechanical  Refrigeration/*     Chicago  :  H.  S.  Rich  &  Co.,  1899. 
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i  brick 

4i 

ins 

.  thick 

•      «  =  S-5 

B. 

T 

.  Units. 

I       >t 

9 

.      M  =  4-5 

li  „ 

H 

.        .      „  =  3-6 

2          „ 

i8 

•      M  —  30 

3       .. 

27 

„  ^  2-6 

4              M 

36 

,,  =  2*2 

For  walls  of  masonry  of  different  thicknesses  the  factor  n  may  be 
taken  as  follows  after  Box: 


Stone  walls 

6  ins. 

thick  . 

n  =  6*2  B. 

T 

.  Units 

12 

.          n  =  5-5 

iS 

•         »  =  50 

24 

.      ,,  =  4-5 

30 

•      M  =  4-3 

36 

■      »  =  4i 

German  authorities  give  values  for  n  which  are  less  than  one-half 
of  the  values  here  quoted. 

For  air-tight  double  floors  of  wood  properly  filled  underneath  so 
that  the  atmosphere  is  excluded,  and  for  ceilings  of  like  construction, 
n  is  equal  to  about  2  B.T.U.  An  air  space  sealed  off  hermetically  be- 
tween two  walls  has  the  average  temperature  of  the  outside  and  inside 
air,  hence  its  great  additional  insulating  capacity.  If  the  air  space  is 
hermetically  sealed  inside  and  outside,  it  appears  that  its  thickness  is 
immaterial ;  half -an- inch  is  as  good  as  three  inches. 

If  a  wall  is-  constructed  of  different  materials  having  different  known 
values  for  ;/,  viz.,  rtx,  ih^  n^,  etc.,  and  the  respective  thicknesses  in  feet 
^1,  ^2,  ^^i  the  value  n  for  such  a  compound  wall  may  be  found  after  the 
formula  of  Wolpert,  viz  : — 


N=r 


+    ^4.    '^^ 


_1_ 


n. 


ft. 


3 


In  case  of  an  air  space  perfectly  sealed  off  the  factor  n  may  be  deter- 
mined for  that  portion  of  the  wall  between  the  air  space  and  the 
outside,  which  value  is  then  inserted  into  the  formula — 


But  in  this  case  while  t^  stands  for  the  maximum  outside  temperature, 
i  stands  for  the  temperature  of  the  air  space,  which  may  be  averaged 
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from  the  inside  and  oulside  temperature,  taking  into  consideration  the 
conductibility  and  thickness  of  the  component  parts  of  the  wall. 

Fig.   162  is  a  vertical  section  through  the  end  of  a  refrigerating 


chamber   as   designed   by    the    Pulsometer    Engineering    Company, 
Limited,  showing  an  arrangement  of  cooling  pipes  on  the  brine  circu- 
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lation  system.     The  pipes  are  of  galvanised  wrought  iron,  which,  being 
very  much  lighter  and  thinner  than  those  formed  of  cast  iron,  ensure 


Fig.  163.— Arrangement  of  Cooling  Pipes  in  Ceiling  Lofts.     Transverse  Section. 

the  maximum  amount  of  head  room,  and  thereby  enable  a  considerable 
amount  of  space  to  be  economised. 

Fig.    163  is   a  transverse  section  through  cold  storage-rooms  or 
chambers  with  the  cooling  pipes  arranged  in  ceiling  lofts. 
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Fig.  164  -  HUPs  Arrangement  for  refrigerating  Cold  Rooms  or  Chambers. 

Diagrammatical  view. 
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In  the  British  patent  cA  F.  B.  Hill,  No  16253  ^  i^^9,  is  described 
an  arrangement  in  which  the  refrigerating  apparatus,  shown  in 
P'ig.  164,  is  located  on  a  floor  above  the  cooling  chamber.  This 
arrangement,  moreover,  permits  the  circulation  of  the  cooling  medium 
by  gravity,  so  that  the  use  of  pumps  or  other  machinery  for  effecting 
such  circulation  can  be  dispensed  with,     h  is  the  refrigerator  tank; 


Fig.  165.— HilPs  Arrangement  for  Refrigerating  Cold  Rooms  or  Chambers. 
Elevation  of  Chamber  partly  in  Vertical  Section. 


H*  is  another  tank  or  vessel  which  is  preferably  arranged  at  a  lower 
level  than  the  refrigerator-tank,  and  is  connected  therewith  by  means 
of  pipes  J  in  such  a  manner  that  a  constant  circulation  of  the  brine 
or  other  non-congealable  liquid  frcMn  one  tank  to  the  other  will  be 
maintained  by  gravity  during  the  refrigeration  of  the  liquid. 

It  is  stated  by  the  inventor  that,  by  the  use  of  tanks  connected  in 
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this  manner,  the  reservoir  or  store  of  cold  is  greatly  increased.  The 
bottom  of  the  cooling  tank  h*  may,  if  desired,  serve  as  the  top  of  the 
chamber  to  be  cooled,  as  shown  in  Fig.  165. 

The  bottom  of  the  tank  h>  is  formed  with  a  series  of  V'Shaped 
portions  or  corrugations  h',  and  suitable  gutters  or  channels  k  are 
arranged  beneath  the  tank,  so  that  any  moisture  collecting  on  the 
underside  will  flow  to  the  lower  edges  of  the  corrugations  or  V-shaped 
portions,  and  will  fall  into  the  gutters  or  channels,  whereby  it 
will  be  conducted  away  to  any  convenient  place.  The  dripping  of 
moisture  from  the  under  surface  of  the  tank  into  the  room  or  chamber 
to  be  cooFed  is  thus  avoided.  This  arrangement  also  increases  the 
area  of  cooling  surface  and  the  strength  of  the  bottom  of  the  tank. 

In  a  later  patent,  viz.,  No.  20509  of  1890,  the  same  inventor 
describes  means  for  removing  snow  or  hoar-frost  from  the  refrigerating 
surfaces  used  for  cooling  air,  which  consists  in  the  employment  of 
rotating  screw-blades  or  convenors,  or  of  annular  or  other  suitable 
scrapers,  or  brushes  arranged  to  move  to  and  fro,  or  up  or  down,  in 
contact  with  the  surfaces  to  be  cleared.  These  screw  conveyors, 
scrapers,  or  brushes,  are  placed  within  or  outside,  or  both  within  and 
outside,  the  refrigerating  tubes  or  chambers. 

F.  N.  Mackay,  No.  16745  of  1886,  provides  for  the  combined 
utilisation  of  cold  air  from  an  air  expansion  machine  and  brine  cooled 
by  an  absorption  or  compression  machine.  The  rooms  or  chambers 
are  partly  cooled  by  the  cold  air,  and  the  brine  from  the  latter  machine 
is  circulated  through  an  arrangement  of  pipes  in  the  cooling  chamber, 
to  which  brine  pipes  corrugated  metal  sheets  are  attached  to  increase 
the  refrigerating  effect.  Or  the  corrugated  metal  sheets  may  be 
formed  into  narrow  chambers  to  receive  the  brine  directly. 

To  increase  the  effective  surface  of  cooling  pipes  F.  S.  Thomas, 
No.  2568  of  1888,  forms  them  with  four  concavities,  or  approximately 
star-shaped  in  transverse  section,  and  also  employs  lugs  or  ribs. 

A  plan  of  chilling  and  freezing  by  a  circulation  of  cold  brine  on 
the  wall  system  has  been  patented  by  Hall.  In  this  arrangement  the 
congealing  or  freezing  room  or  chamber  is  fitted  with  parallel  hollow 
or  cellular  walls  constructed  of  steel  or  iron  plates,  and  situated  at 
short  intervals  apart.  The  carcasses  to  be  chilled  or  frozen  are  hung 
in  the  spaces  or  passages  left  between  these  walls,  which  latter  can  be 
maintained  at  a  very  low  temperature  by  the  cold  brine  circulating 
there  through.  An  advantage  possessed  by  this  method  is,  that,  owing 
to  the  extensive  surfaces  afforded  by  these  hollow  or  cellular  walls 
t)r  plates,  an  intense  cold  can  be  rapidly  produced,  and  the  heat  very 
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expeditiously  abstracted  from  the  carcasses,  which  are  thus  quickly 
frozen  or  congealed.  On  this  account,  as  the  space  taken  up  by  the 
hollow  walls  is  so  trifling  as  not  to  necessitate  any  increase  in  the 
dimensions  of  the  freezing  chamber  for  a  given  number  of  carcasses, 
the  proportion  usually  allotted  to  the  latter  may  be  reduced,  and  a 
saving  of  labour  and  of  depreciation  through  handling  is  also  effected. 
The  carcasses  when  frozen  are  at  once  removed  to  cold  stores  or 
chambers  kept  at  a  proper  temperature  for  preserving  the  contents,  by 
a  circulation  of  brine  through  a  system  of  pipes  arranged  near  the 
ceiling;  or  air,  cooled  in  the  machine-room,  may  be  circulated  through 
the  chambers  for  a  like  purpose. 

Oa  the  other  hand,  however,  these  hollow  or  cellular  walls  are 
apparently  open  to  the  objections  that  they  are  somewhat  more  difficult 
to  maintain  tight  and  free  from  leakage  than  a  system  of  pipes.  The 
shallow  space  left  between  the  walls  would  also  seem  to  be  liable  to 
become  choked  by  any  foreign  matter  in  the  brine,  and  from  deposits 
from  the  latter;  this,  however,  is  said  not  to  be  found  to  be  the  case 
in  practice  with  brine  circulation,  and  the  arrangement  is  not  suitable, 
or  intended,  for  the  direct  expansion  system. 

In  order  to  facilitate  and  hasten  the  operation  of  chilling  and 
freezing,  and  lessen  the  handling  to  which  it  is  necessary  to  subject 
the  carcasses,  an  arrangement  for  slowly  traversing  the  latter  through 
the  freezing  or  congealing  chamber  or  room  has  also  been  devised  by 
the  same  inventor,  wherein  an  endless  chain  provided  with  hooks  at 
proper  intervals  for  hanging  the  carcasses,  and  operated  by  suitable 
gearing,  is  provided. 

A  patent  was  taken  out  in  the  beginning  of  the  year  1895  by  Sir 
A.  S.  Haslam  for  an  improved  apparatus  for  cooling  air  to  be  circulated 
through  cold  storage  rooms.  The  main  feature  of  this  invention  con- 
sists in  the  provision  of  an  air-cooler  or  chamber,  wherein  the  air  or 
other  gas  to  be  cooled  is  carried  between  a  number  of  fixed  vertical 
metal  plates,  down  which  cold  brine  or  other  uncongealable  liquid 
is  constantly  caused  to  flow.  These  plates  or  diaphragms  are,  as 
shown  in  the  plan,  Fig.  166,  which  illustrates  an  arrangement  for  use 
in  connection  with  a  meat  chamber,  preferably  of  a  corrugated  form, 
and  their  lower  extremities  are  placed  either  in  or  above  a  receiver 
for  the  liquid  which  trickles  down  their  surfaces. 

To  maintain  the  plates  or  diaphragms  at  suitable  distances  apart, 
and  parallel  one  with  the  other,  distance-pieces  or  blocks  are  placed 
between  them  at  the  tf)p  and  bottom,  which  distance-pieces  have  lugs 
or  recesses  on  their  sides  to  provide  passages  for  the  liquid.     The 
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tops  of  the  upper  distance-pieces  form  the  bottom  of  a  tank  supplied 
with  Che  cold  liquid,  and  from  which  it  flows  down  the  plates  in  thin 
streams;  and  they  have,  moreover,  vertical  jvojections  at  each  end, 


which  together  form  the  ends  of  the  tank.  Above  this  tank  are  situated 
suitable  numbers  of  troughs  or  pipes,  and  a  shower  of  brine  at  a 
low  temperature,  drawn  or  lifted  from  the  receiver  below,  in  which  it  is 
couled  by  a  pump  or  otherwise,  is  distributed  over  the  bottom  of  the 
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upper  tank,  from  whence  it  trickles  down  the  surfaces  of  the  corru- 
gated or  other  plates,  or  diaphragms.  Through  the  spaces  or  clear- 
ances provided  between  these  plates  a  current  of  air  is  driven  by  means 
of  a  fan  or  blower,  the  blast  being  divided  by  the  corrugated 
plates  into  a  number  of  thin  sinuous  currents,  and  being  reduced  to  a 
very  low  temperature  by  impinging  against  their  surfaces  and  the  cold 
fluid  trickling  down  their  sides.  It  has  been  found  in  practice  to 
be  preferable  to  place  the  above-described  plates  or  diaphragms  as 
close  together  as  can  possibly  be  done  without  injuriously  checking 
the  flow  of  air. 

Flat  plates,  or  plates  with  horizontal  corrugations,  are  not  found 
to  be  so  advantageous,  because  the  air  can  pass  between  them  in  a 
straight  line,  instead  of  being  compelled  to  wind  backwards  and 
forwards  between  the  corrugations  and  impinge  again  and  again  against 
the  cold  liquid  and  the  surfaces  of  the  plates;  in  the  case  of  flat 
plates,  moreover,  they  have  to  be  much  thicker  in  oider  to  ensure  the 
requisite  stiffness. 

This  cooling  battery  is  said  to  have  given  very  favourable  results 
under  most  exhaustive  practical  tests. 

Another  arrangement  for  cooling  air  for  circulation  through  cold 
storage  rooms,  which  was  patented  in  the  latter  end  of  the  year  1900 
by  Mr.  T.  Douglas,  is  shown  in  vertical  central  section  in  Fig.  167. 
The  construction  of  the  apparatus  is  almost  sufficiently  apparent  from 
the  drawing.  It  consists  briefly  of  a  cylindrical  or  other  tower  or 
receptacle  suitably  insulated  and  having  a  chamber  charged  or  filled 
with  coke  broken  up  into  pieces  of  suitable  dimensions.  Above  this 
charge  of  coke  is  provided  a  rose  spraying  apparatus  by  which  cold 
brine  from  the  evaporator  or  refrigerator  of  the  machine  is  distributed 
over  the  coke  and  trickles  down  over  the  same  to  a^brine  reservoir 
in  the  bottom  of  the  tower,  from  which  it  is  pumped  back  to  the 
evaporator  or  refrigerator.  The  air  to  be  cooled  is  forced  into  the 
bottom  of  the  tower  by  means  of  a  suitable  fan,  and  up  through  the 
coke  to  a  cold-air  delivery  trunk  through  which  it  is  conducted  to 
the  cold  storage  chamber. 

A  series  of  tests  carried  out  with  an  air-cooling  apparatus  of  this 
description  at  Messrs.  Wm.  Douglas  and  Son's,  Ltd.,  Works,  Putney, 
showed  a  high  degree  of  efficiency,  and  gave  in  every  case  a  remark- 
able approximation  between  the  temperature  of  the  air  at  the  exit 
from  the  cooler  and  that  of  the  brine  return  to  the  evaporator.  This 
approximation  became  closer,  when  the  refrigerating  machine  was  shut 
down,  as  the  temperatures  of  both  the  brine  and  the  air  rose,  and 
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proved  that  the  coke  was  an  excellent  medium  for  bringing  the  air  into 
contact  with  a  very  large  surface  of  col'd  brine  and  thus  extracting  the 
maximum  of  heat  from  the  air.  A  suitable  spray-trap  can  be  provided 
in  the  cold-air  delivery  trunlc,  or  other  means  adopted  for  drying  the  air. 


The  brine  can  be  kept  up  to  a  proper  density  by  rither  periodica!  con- 
centration, or  by  running  out  the  surplus  brine  and  strengthening  the 
remainder. 

An  advantage  possessed  by  this  apparatus  is  its  relative  cheapness, 


COLD    ROOMS   OR    CHAMBERS. 


269 


and  it  can  also  be  readily  modified  in  design  to  suit  different  require- 
ments. For  instance  it  ina.y  be  elevated  above  the  level  of  the  evapo- 
rator or  refrigerator  so  that  the  brine  will  return  to  the  latter  by 
gravitation,  or  where  this  is  not  possible  it  may  be  connected  to 
a  brine  storage  tank,  from  which  the  brine  can  be  pumped 
back  to  the  evaporator,  or  the  foot  of  the  tower  may  be  made  into 
a  brine  storage  tank  as  shown  in  the  illustration.  The  evaporating 
coils  may  be  placed  in  the  lower  part  of  the  tower,  thus  combining  ^- 
cool^  and  evaporator  in  one  apparatus.     In  cases  where  height  is  not 


tbaa 


available  two  ot  more  towers  may  be  placed  alongside,  or  a  horizontal 
tower  may  be  formed  with  diaphragms  dividing  the  coke. 

Other  arrangements  for  cooling  air  by  direct  contact  with  cold  brine 
are  the  use  of  rotating  discs  dipping  in  the  cold  brine,  sacking  or 
canvas  saturated  with  cold  brine,  etc.  Attempts  have  also  been  made 
to  draw  or  force  mr  through  a  body  of  cold  brine,  but  this  latter 
method  does  not  appear  to  have  proved  a  practical  success. 

In  Fig.  168  is  shown  in  vertical  central  section  an  arrange- 
ment designed  by  Mr.  Madison  Cooper  for  washing,  cooling,  and 
drying  air,  more  especially  for  use  in  cold  storage  rooms  for 
eggs.       This    apparatus    con  si  sis    of    three     parts,     viz.,     first,     an 
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air-washing  tank,  in  which  the  air  is  caused  to  flow  upwards 
against  a  rain  trf  water  from  a  perforated  diaphragm  above.  This  not 
only  cools  the  air  to  the  temperature  of  the  water,  say  55°  or  60° 
Fahr.,  but  it  also  takes  out  a  large  portion  of  the  impurities  of  various 
kinds.  From  this  washing  tank  the  air  is  passed  on  in  a  comparatively 
pure  and  cool  state  to  be  still  further  reduced  in  temperature.  This 
latter  operation  is  performed  in  the  second  part  of  the  apparatus,  which 
consists  of  a  cooling  tank  having  brine-cooled  or  direct  expansion 
pipes  by  contact  with  which  the  air  is  reduced  to  a  temperature  several 
degrees  lower  than  that  of  the  storage  room  or  chamber.  This  cooling 
removes  the  greatCT  portion  of  the  moisture  which  holds  in  suspension 


the  few  impurities  which  may  have  passed  the  washing  tank,  the 
moisture  being  deposited  on  the  frozen  surfaces  within  the  cooler. 
From  the  cooler  the  cold  purified  air  is  passed  into  the  third  part 
of  the  apparatus  or  drying-box,  which  contains  chloride  of  calcium. 
In  this  drier  any  moisture  that  may  be  carried  over  from  the  cooler 
is  taken  up  or  absorbed  by  the  chloride  of  calcium,  which  is  a  well- 
known  hygioscopic  or  deliquescent  substance. 

Fig.  i6g  shows  in  transverse  section  a  beef  chill-room  fitted  with 
the  De  I. a  Vergne  patent  pipe  system,  a  description  of  which  has  been 
already  given  in  a  previous  chapter.  The  pipes  are,  it  will  be  seen, 
in  this  instance  arranged  at  the  sides  and  at  the  centre  of  the  chili- 
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room,  and  diip-trays  or  troughs  are  provided  to  catch  and  cany  off  any 
water  failing  from  the  cooling  pipes,  upon  the  exterior  surfaces  of  which 
the  moisture  present  in  the  atmosphere  of  the  room  or  chamber  be- 
comes condensed,  dther  in  the  form  of  water  or  of  hoar  frost.  In  the 
lattCT  case  dripping  is  hable  to  commence  on  any  rise  of  temperature 
in  the  room  or  chamber  by  reason  of  the  shutting  down  of  the  machine 
or  from  other  cause.  This  dripping  is,  as  has  been  already  mentioned, 
more  especially  liable  to  occur  in  cases  where  the  direct  expansion 
system  of  cooling  is  in  use. 


Fig.  170  is  a  sectional  view  showing  the  arrangement  of  a  cold  store 
with  beef  chill-rooms  cooled  or  refrigerated  by  means  of  a  Haslam 
patent  brine  ^r-cooling  battery. 

The  open  trough  system  has  been  already  alluded  to,  and  it  is  one 
of  great  simplicity,  and  is  frequently  used  for  the  hog  cooling  rooms  in 
bacwi  factories.  Two,  three,  or  other  suitable  number  of  troughs  are 
usually  placed  in  line,  vertically,  one  above  the  other,  over  each  hook 
or  hanging  rail,  and  the  flow  of  brine  can  be  regulated  by  any  well- 
known  and  convenient  means.  A  lai^e  surface  of  cold  brine  is  in 
this  i^stem  advantageously  exposed  for  absorbing  heat;  on  the  other 
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hand,  however,  the  open  troughs  have  the  disadvantage  <A  takuig  up 
a  very  cMisiderable  amount  (rf  valuable  space. 


The  cooling  pii>ea  are  arranged  in  the  rhillinp,  cooling,  and  curing 
rooms  of  bacon  factories  in  a  number  of  other  different  ways,  the 
system  having  frequently  to  be  specially  adapted  to  ihe  existing  build- 
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ings.  Sometimes  the  said  pipes  are  placed  in  the  form  of  coils  in  a 
separate  chamber  or  loft  provided  in  the  ceiling  of  the  main  room  or 
chamber  (as  shown  in  Fig.  171,  which  shows  an  installation  on  the 
direct  expansion  system),  and  air,  admitted  through  suitable  apertures 
from  the  room  beneath,  or  by  means  of  ventilators,  and  cooled  by 
passing  over  the  surface  of  these  coils,  is  allowed  to  circulate  by 
gravity,  or  is  rapidly  circulated  by  means  of  fans  through  the  room 
below.  A  somewhat  similar  arrangement  of  brine  or  cooling  pipes  is 
also  often  employed  in  beef  and  other  meat  rooms.  An  advantage 
of  this  plan  is  that  it  effectually  prevents  any  dripping  and  moisture 
in  the  chill-room. 

In  an  arrangement  designed  by  Mr.  Puplett,  the  refrigerating  pipes 
or  coils  and  circulating  fan  are  fixed  in  a  separate  compartment  quite 
distinct  from  the  cold  rooms,  but  connected  therewith  by  trunks 
or  ducts.  The  cooling  is  effected  by  the  constant  circulation  through 
the  chill  or  meat  rooms  of  a  current  of  air  that  has  first  been  cooled 
by  passing  it  over  the  refrigerator.  The  air  is  washed  and  purified  by 
being  passed  through  a  series  of  sprays  of  cold  brine,  and  then  over 
the  refrigerator,  by  which  it  is  dried  and  reduced  to  any  desired 
temperature.  The  fan  draws  the  air  from  the  rooms  through  the  suc- 
tion trunk,  and  returns  it  by  the  delivery  trunk  after  it  has  passed 
through  the  refrigerating  chamber  and  been  washed,  cooled,  and 
dried ;  the  air  thus  becomes  colder,  and  is  purified  each  time  it  passes 
over  the  refrigerator. 

Another  method  of  arranging  the  cooling  pipes  in  a  chill-room  is 
to  provide  coils  on  the  sides  thereof,  or  where  the  chamber  is  of 
considerable  dimensions,  in  rows  placed  vertically  at  suitable  intervals 
lengthways  of  the  latter,  the  carcasses  being  suspended  by  hooks  in 
the  usual  manner  from  meat  or  hanging  rails,  situated  overhead, 
between  the  coils. 

When  the  refrigerating  pipes  are  placed  directly  in  the  cold  store, 
suitable  drip  trays  (as  sho^vn  in  Fig.  169)  can  be  provided  if  required. 

Refrigerating  machines  are  likewise  very  advantageously  employed 
in  bacon-curing  factories  or  works,  for  enabling  mildly-cured  bacon 
to  be  produced  in  sunmier,  by  artificially  reducing  the  temperature  of 
the  chill-rooms  and  curing-cellars. 

A  usual  arrangement  is  shown  in  Fig.  172,  which  comprises  rows 
of  cast-iron  flanged  pipes  which  are  fixed  overhead,  preferably  sus- 
pended from  the  ceiling,  over  the  whole  area  of  the  chill-rooms  and 
curing  cellars,  and  through  which  system  of  pipes  brine  cooled  in  the 
usual  manner  is  circulated  so  as  to  lower  the  temperature  of  the 
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rooms  to  about  40°  Fahr.      By  means  of  cocks  provided   on   the 

different  branch  mains  the  speed  of  the  flow  of  brine  through  the 
various  circulations,  and  consequently  the  temperature  of  the  rooms, 
can  be  regulated,  and  reduced,  or  increased  at  pleasure.  In  factories 
of  moderate  size  the  machine  may  usually  be  stopped  at  night  and  on 
Sundays,  the  cold  stored  up  in  the  brine  in  the  pipes  being  enough  to 
keep  the  temperature  of  the  room  sufficiently  low ;  in  very  hot  weather, 
and  in  very  large  establishments,  however,  the  machine  will  have  to  be 
run  continuously  night  and  day. 

Both  the  chili  or  cooling-rooms  and  the  curing-ceilars  are  fitted 
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up  in  practically  the  same  manner,  the  work  in  the  chill  or  cooling- 
rooms  where  the  hot  meat  is  cooled  down  is  much  greater  in  proportion 
to  their  size,  however,  and  is  moreover  intermittent,  consequently  a 
proportionately  larger  number  of  brine  pipes  are  placed  therein,  and 
the  brine  is  turned  on  or  off  as  the  rooms  are  full  or  empty ;  on  the 
other  hand  the  work  in  the  curing-cellars  is  less  and  regular,  and, 
therefore,  a  much  smaller  number  of  brine  pipes  are  required,  the  circu- 
lation of  brine  being  kept  up  all  the  time  the  machine  is  running,  and 
a  perfectly  steady  and  e\en  temperature  maintained. 
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The  reason  that  artificial  refrigeration  is  now  imperatively  required 
in  bacon-curing  works  is  on  account  of  the  demand  that  has  arisen  for 
mild-ciired  bacon.  Formerly  the  pigs,  after  being  killed,  were  cooled 
simply  by  exposure  to  the  atmospheric  air,  being  subsequently  cured 


in  underground  cellars  at  the  temperature  of  the  earth,  or  from  53°  to 
55°  Fahr.  In  order  to  prevent  the  rapid  decomposition,  and  con- 
sequent taint  of  the  bacon  which  would  otherwise  inevitably  occur  at 
these  comparatively  high  temperatures,  the  latter  was  charged  with  an 
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excessive  amount  of  salt  as  a  preventative.  This  excessive  salting  was 
indispensable  in  summer  especially,  when,  indeed,  curing  was  almost 
prevented-,  although  bacon  at  that  season  is  in  the  greatest  demand, 
and  the  highest  prices  are  obtainable.  The  modem  requirement, 
however,  for  more  and  more  mild-cured  bacon  has  rendered  abso- 
lutely necessary  an  artificial  reduction  of  the  temperature  of  the  chill- 
rooms  and  curing-cellars. 

The  first  attempts  in  this  direction  were  made  by  constructing  the 
cellars  with  iron  ceilings,  on  the  tops  of  which  were  stored  large 
quantities  of  ice,  a  system  which  is  found  to  be,  when  properly  carried 
out,  sufficiently  effective,  but  is  very  expensive,  not  only  by  reason  of 
the  first  cost  of  the  iron  ceilings  and  the  necessary  supports,  but  also 
by  reason  of  the  space  occupied  by  the  ceilings  and  ice  chambers, 
and  furthermore  on  account  of  the  large  outlay  entailed  for  the  ice 
itself,  and  the  labour  of  handling  it.  There  is,  besides  this,  the  risk 
of  the  supply  of  ice  running  short  in  the  hot  weather,  with,  of  course, 
disastrous  results. 

Fig-  173  is  a  horizontal  section  showing  a  plan  of  a  small  cold 
storage  chamber  of  1,000  cubic  ft.  capacity,  adapted  for  such  service. 
The  refrigeration  is  effected  by  a  Haslam  cold-air  machine,  of  6,000 
cubic  ft.  per  hour  capacity,  arranged  to  be  driven  direct  by  means  of 
a  gas-engine.  A  is  the  gas-engine  cylinder,  B  the  air  compression 
cylinder,  and  c  the  expansion  cylinder.  The  air  compression  cylinder  B 
is  arranged  horizontally  in  front  of,  and  in  line  with,  the  cylinder  A  of 
the  gas-motor,  and  the  expansion  cylinder  c  is  placed  vertically,  and 
works  a  disc  secured  upon  the  opposite  end  of  the  crank  shaft  from 
the  fly-wheel. 

The  advantages  of  a  gas  motor  for  driving  the  small  cold-air 
machine  required  for  an  installation  of  this  description  are  obvious,  and 
comprise:  non-increase  of  fire  insurance  premium,  and  ability  to  start 
the  machine  at  any  time,  without  having  to  wait  to  get  up  the  neces- 
sary steam  pressure  in  a  boiler,  as  must  be  done  in  the  case  of  a 
steam-driven  cold-air  machine,  and,  moreover,  except  where  gas  is  at 
an  abnormally  high  price,  a  considerable  economy  in  cost  of  running. 

Fig.  174  is  a  perspective  view,  the  end  wall  and  a  portion  of  the 
front  wall  being  removed,  showing  a  small  cold  store  or  chamber, 
refrigerated  by  means  of  a  Puplett  patent  ammonia  compression 
machine,  which  chamber  is  especially  designed  for  butchers,  bacon- 
curers,  dairymen,  fish  and  game  dealers,  etc.  Chambers  of  this 
description  are  constructed  with  an  outer  and  an  inner  skin,  each  of 
which  is  composed  of  two  layers,  of  i  in.  tongued  and  grooved  boards. 
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put  together  perfectly  air-tight,  and  having  an  intervening  space  or 
clearance  of  about  8  in.,  filled  with  charcoal,  cork,  or  other  good  non- 
conducting material.  The  dimensions  of  the  chambers,  as  usuaJly 
constructed,  vary  from  a  storage  capacity  for  frozMi  meat  rf  6  to  50 
tons  or  more,  and  their  daily  meat-cooling  capacity  to  32°  Fahr., 
runs  from  20  cwt  up  to  200  cwt.  or  more. 

In  Fig.  175  is  shown  in  vertical  section  a  smaJI  cold  storage  room 
cooled  by  a  Triumph  ammonia  compression  machine,  which  would  be 
suitable  for  an  hotel  or  private  residence.     A  plant  of  this  description 


Fig.  174.— Small  Cold  Store  for  Butchers,  etc.      Cooled  by  a 
Compression  Msehine. 


can  be  readily  operated  by  an  ordinary  man  without  the  help  of  a 
skilled  attendant,  and  would  only  require  about  an  hour's  attention 
during  the  day.  The  brine  tank  shown  in  the  drawing  keeps  the  refri- 
gerator or  cold  storage  chamber  cold  during  the  night.  The  com- 
pressor, which  is  of  the  double-acting  horizontal  type,  is  mounted  upon 
a  strong  tank  forming  the  condenser,  and  can  be  operated  by  any 
available  source  of  power.  A  description  of  the  Triumph  compressor 
will  be  found  in  the  chapter  upon  "  Ammonia  Compression  Machines." 
Fig.  176  depicts  the  arrangement  of  a  one-ton  ice-making  and 
refrigerating  plant  in  an  hotel,  in  which,  it  will  be  seen,  a  number  of 
separate  cold  storage  rooms  or  chambers  for  different  classes  of  pro- 
visions are  provided.     This  installation  is  cooled  by  an  ammonia  com- 
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pressiCMi  machine  made  by  the  A.  H.  Barber  Manufacturing  Company, 
Chicago,  which  type  is  also  described  in  the  chapter  mentioned  above. 

It  is  usually  advisable  ti>  provide  in  the  kitchen  of  an  hotel,  or 
adjacent  thereto,  a  short  order  box,  which  enables  the  too  frequent 
opiffliing  of  the  main  cold  storage  room  or  chamber  to  he  avoided. 
This  box  may  be  cooled  by  a  set  erf  pipes,  through  which  the  cold 
brine,  or,  when  direct  expansion  is  employed,  the  refrigerating  gas  or 
medium,  passes  on  its  return  to  the  machine  after  doing  duty  in  the 
main  cold  &tom  or  chamber. 

Arrangements  can  also  be  made  for  cooling  carafes,  freezing  ice 
creams,  and  cooling  the  bar  box. 


The  cold  storage  room  in  an  hotel  does  not,  of  course,  differ  mate- 
rially in  any  respect  from  any  other,  but  the  peculiar  requirements  of 
an  hotel,  and  the  great  difficulty  experienced  in  getting  the  servants 
to  understand  the  necessity  for  judicious  and  careful  management,  are 
frequently  very  great. 

To  avoid  the  undue  admission  of  heat  to  such  cold  storage  rooms 
or  chambers  by  careless  persons  leaving  the  doors  open,  and  to  render 
it  impossible  for  anyone  using  the  cold  storage  room  to  do  this  undei 
any  circumstances,  the  author  has  devised  the  door  shown  in  horizontal 
section  in  Fig.  177,  and  in  vertical  section  in  Fig.  178.  This  door  is, 
it  will  bo  seen,  of  a  crescent  or  semi-cylindrical  form,  in  horizontal  sec- 
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tion,  and  is  mounted  upon  a  central  axis,  so  as  lo  be  free  to  turn 
or  rotate  easily  thereon  in  a  suitable  casing  having  two  apertures, 
the  one  opening  into  the  cold  storage  chamber  and  the  other  to  the 
extmor,  and  between  the  inner  surface  <rf  which  casing  and  the  outer 
surface  of  the  door  an  air-tight  joint  is  made  by  means  of  strips  of 
indianibber,  felt,  or  the  like,  or  by  spring-actuated  rubber  or  felt- 
faced  strips,  etc. 

To  use  this  door  the  aperture  or  opening  admitting  to  the  interior 
of  the  same  is  brought  opposite  to  the  one  or  other  of  the  apertures 
or  openings  in  the  casing  by  revolving  the  door  upon  its  axis,  sunk 
handles  admitting  of  its  ready  manipulation.     The  persMi  desiring 


to  pass  through  then  steps  inside  the  hollow  semi -cylindrical 
door  and  rot^es  it  until  the  aperture  or  opening  thereof  coincides 
with  the  other  or  second  aperture  in  the  casing,  when  he  can  pass  out 
through  the  latter. 

Shelves  in  the  interior  of  the  dotw  admit  of  a  number  of  dishes 
being  placed  thereon  and  moved  into  the  cold  storage  chamber  at  one 
operation,  or  of  being  turned  so  as  to  communicate  with  the  cold 
storage  chamber,  and  brought  back  again  when  required. 

It  will  be  seen  that  it  is  impossible  to  turn  this  door  so  as  to  open 
a  through  communication  between  the  interior  of  the  room  and  the 


REFRIGERATION  AND  COLD  STORAGE. 


VENTILA  TION  OF  COLD  STORA  GE  CHAMBERS.     281 

exterior,  and  the  interchange  of  air  at  each  opening  of  the  door  is 
consequently  limited  to  the  cubical  contents  of  the  hollow  or  semi- 
cylindrical  door  itself. 


Ventilation  of  Cold  Storage  Chambers. 

The  ventilation  of  cold  storage  rooms  can  be  eflFected  in  a  number 
of  different  ways,  but  as  a  general  rule  no  provision  whatever  of  a 
special  nature  is  made  for  the  removal  of  the  vitiated  air,  it  being 
considered  that  sufficient  change  of  air  is  brought  about  by  the  opening 
of  doors,  etc.  In  fact,  as  removing  any  of  the  cold  air  entails  the 
necessity  of  replacing  same  by  more  air  at  the  same  low  temperature, 
and  thereby  necessitates  additional  refrigeration,  there  is  the  same  dis- 
like to  ventilation  as  exists  in  the  case  of  a  warm  room  where  ventila- 
tion demands  the  admission  of  the  cold  external  air,  and  the  expendi- 
ture of  more  fuel  to  heat  it. 

The  various  expedients  resorted  to  for  the  ventilation  of  cold 
storage  rooms  comprise,  in  addition  to  the  opening  of  doors  above 
alluded  to,  the  occasional  opening  of  windows,  where  such  exist,  the 
provision  of  ventilating  shafts  in  the  ceilings,  and,  what  is  perhaps 
the  most  efficient,  by  artificial  means,  through  an  exhaust  fan  connected 
through  suitable  pipes — fitted  with  doors  or  valves — ^with  the  cold 
storage  room. 

When  ventilating  shafts  are  provided,  and  there  are  a  number  of 
cold  storage  rooms  contained  in  the  same  store,  the  ducts  or  pipes 
may  be  placed  in  the  corridors,  each  room  being  connected  thereto 
through  a  pipe  with  a  valve  or  damper  so  as  to  enable  the  amount  of 
ventilation  to  be  properly  regulated,  and  the  various  ducts  or  pipes 
from  the  corridors  having  a  common  termination  in  the  chimney  stack, 
which  latter  provides  a  means  for  efficiently  ventilating  the  rooms  at 
all  times. 

It  must  be  remembered  that  in  cold  storage  rooms  or  chambers  the 
air  being  cold  sinks  to  the  bottom,  and  that  the  tendency  is  therefore 
for  it  to  escape  through  the  crevices  about  the  doors,  or  when  the 
latter  are  opened,  and  thereby  create  a  down-draught  so  as  to  render 
any  attempt  to  ventilate  by  means  of  a  short  shaft  without  artificial 
means  to  produce  an  air  current  abortive. 

Moisture  has  the  property  of  absorbing  gases  and  impurities,  and 
consequently  the  moisture  in  the  air  of  a  cold  storage  room  will  take 
up  all  the  emanations  from  the  stored  products.     It  follows  therefore 
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that  if  this  air  be  subsequently  relieved  of  its  moisture  it  will  be  prac- 
tically purified,  as  most  of  these  gases  can  be  removed. 

All  atmospheric  air  contains  the  germs  of  fungus  or  mould,  which 
germs  are  very  rapidly  developed  under  such  favourable  conditions  as 
the  presence  of  a  large  amount  of  moisture  in  the  air,  and  high  tem- 
peratures, but  are  destroyed  and  removed  from  air  in  a  dry  and  cool 
condition.  This  moisture  can  only  be  removed  by  insuring  a  proper 
circulation  of  the  air  of  a  cold  storage  room  relatively  to  the  articles 
stored  therein  and  the  refrigerating  pipes  or  other  cooling  surfaces. 

Circulation  of  Air  in  Cold  Storage  Chambers. 

The  circulation  of  air  in  cold  storage  rooms  or  chambers  is  a 
matter  of  primary  importance,  and  one  which  in  too  many  cases  does 
not  receive  the  attention  which  it  deserves,  with  the  result,  more 
especially  in  the  case  of  small  rooms  or  chambers,  that  the  condition 
of  the  atmosphere  is  anything  but  satisfactory,  and  great  difficulty  is 
experienced  in  keeping  provisions  in  good  condition  in  them. 

There  are  two  main  systems  of  air  circulation  in  use,  viz.,  the 
gravity  air  circulation  and  the  mechanical  or  forced  air  circulation. 

The  following  particulars  are  extracted  from  three  interesting  and 
instructive  articles  by  Mr.  Madison  Cooper,  a  well-known  expert  upon 
refrigerating  matters  in  the  United  States^  and  which  articles  appeared 
in  the  American  journal  Ice  and  Refrigeraiiorty  for  May,  June,  and 
August,  1 901. 

"Methods  of  Piping  that  Hinder  Circulation. 

"  When  mechanical  refrigeration  first  came  into  the  field,  the 
arrangement  of  cooling  surfaces  and  a  provision  for  air  circulation  was 
neglected  about  as  it  was  by  the  pioneers  in  natural  ice  refrigeration. 
The  cooling  pipes  were  placed  almost  anywhere,  regardless  of  the  laws 
of  gravity  which  control  air  circulation.  At  first  the  ceiling  of  the  room 
was  a  favourite  place  for  locating  the  coils  of  pipe  for  cooling  the  room. 
The  ceiling  was  utilised  because  thus  the  pipes  were  out  of  the  way 
in  piling  up  goods,  and  also  on  the  theory  that  "  cold  would  naturally 
drop."  Cold,  or,  more  accurately  speaking,  cold  air,  will  naturally 
drop,  but  placing  the  pipes  on  the  ceiling  of  a  room  will  not  assist  the 
circulation;  it  will,  in  fact,  produce  practically  no  circulation 
at  all  if  the  whole  ceiling  of  the  room  is  covered  with 
pipes  uniformly.     Ceiling  pipes  have  generally  been  abandoned  for  the 
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more  rational  method  of  placing  the  pipes  on  the  side  walls  of  the 
room. 

"Fig.   179  shows  ceiling  piping,  and  should  make  plain  why  no 


'/////////////////////////////////y/^^^^^ 


mmmz/^/W/ 


) 

V  ^'"/V 


W/////////y>////////////////////h/WM/^^^^^ 


Fig.  179. — Diagram  showing  Gravity  Air  Circulation  in  Cold  Storage  Room 

Chamber,  with  Ceiling  Piping. 


circulation    is    created    when    the    pipes    cover    nearly    the    whole 
top  of  the  room.     As  is  well  known,  cold  air  is  heavier  than  warm 
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Fig.  180. — Diagram  showing  Gravity  Air  Circulation  in  Cold  Storage  Room  or 

Chamber,  with  Side  Wall  Piping. 


air  and,  if  free  to  move,  the  cold  air  will  seek  a  lower  level  than 
the  warm  air.  This  movement  of  the  cold  air  downward  and  the  warm 
air  upward  is  what  is  known  as  gravity  air  circulation.  A  slight  difference 
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in  the  temperature  will  cause  a  circulation  of  air  if  the  warm  and  cold 
air  are  separated  from  each  other  and  not  allowed  to  mix,  which  would 
cause  counter-currents  and  retard  the  circulation.  In  a  cold  storage 
room  the  air  in  contact  with  the  cooling  coils,  as  it  is  cooled,  flows 
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Fig.  181.— Diagram  showing  GraWty  Air  Circulation  in  Cold  Storage  Room  or 

Chamber,  with  Screened  Wall  Piping. 


downward  towards  the  floor  by  reason  of  its  greater  specific  gravity. 
The  comparatively  warm  air  above  is  drawn  down  to  the  pipes,  where 
it  is  in  turn  cooled,  and  the  flow  is  continuous.  If  the  entire  ceiling 
is  covered  with  pipes,  what  results?     The  a'u:  in  contact  with  the 
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Fig.  182. — Diagram  showing  Gravity  Air  Circulation  in  Cold  Storage  Room  or 
Chamber,  with  Screened  Side  Wall  Piping,  and  Ceiling  Extensions. 


pipes  cannot  fall  because  it  cannot  be  replaced  by  warm  air  from 
above.  The  result  is  that  practically  no  circulation  of  air  takes  place 
in  such  a  room.  A  slight  local  circulation  in  the  vicinity  of  the  pipes 
is  all  that  results,  except  under  unusual  or  accidental  conditions.     The 
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goods  are  cooled  for  the  most  part  by  direct  conduction  and  radiation ; 
the  top  tier  of  goods  would  be  cooled  directly  from  the  pipes  and  each 
tier  under  successively  from  its  neighbour  above  in  the  same  manner. 
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Fig.  183.— Diagram  showing  Gravity  Air  Circulation  in  Cold  Storage  Room  or 

Chamber,  with  Gay's  arrangement  of  Piping. 


"  Goods  are  cooled  by  radiation  by  the  passage  of  heat  from  the 
goods  directly  to  some  colder  object,  without  the  heat  being  conveyed 
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Fig.  18  [. — Diagram  showing  Gra\Hty  Air  Circulation  in  Cold  Storage  Room  or 

Chamber,  with  the  St.  Clair  Pipe  Loft  System. 

''■\ 

by  the  movement  of  the  air,  as  it  should  be,  and  as  it  is  where  a  good 
circulation  is  present  in  the  room.  In  a  room  in  which  the  goods 
are  cooled  by  radiation  mostly,  the  moisture  instead  of  being  deposited 
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entirely  on  the  cooling  pipes,  as  it  should  be,  is  also  likely  to  be 
deposited  on  the  walls  of  the  room  or  on  the  goods  themselves.  The 
result  of  such  a  condition  would  be  serious.  This  cooling  by  radiation, 
as  compared  with  cooling  by  a  circulation  of  air,  may  seem  like  a  very 
finely  spun  theory  to  some,  but  let  the  sceptic  watch  his  house  for  a 
demonstration.  Is  there  any  practical  cold  storage  man  now  in  the 
business  who  has  not  noticed  an  accumulation  of  frost  or  moisture  on 
goods  if  they  were  piled  too  near  to  the  exposed  cooling  pipes  ?  What 
causes  this  result?    Radiation,  nothing  else. 

"  The  bad  effects  of  radiation  cannot  be  altogether  overcome  by 
placing  the  pipes  cm  the  sides  of  the  room,  but  it  is  counteracted  to 
some  extent  by  the  resulting  circulation  of  air.  Fig.  i8o  shows  side 
wall  piping  and  the  resulting  circulation,  which  is  confined  largely  to 
a  small  space  near  the  coils.  The  arrows  show  approximately  the  path 
of  circulation.  If  the  room  is  wide,  no  circulation  at  all  will  take  place 
near  the  centre.  In  some  cases  pipes  have  been  carelessly  placed  two 
or  three  feet  down  from  the  ceiling.  This  results  in  the  air  of  the 
room  becoming  stratified — a  warm  layer  of  air  in  the  top  of  the  room 
resting  on  a  cold  layer  beneath.  This  may  be  operative  to  such  an 
extent  as  to  cause  a  difference  in  temperature  between  floor  and  ceiling 
as  great  as  io°  Fahr.  A  case  has  come  to  the  writer's  notice  with 
exactly  these  conditions.  Another  bad  arrangement  of  side  wall 
piping  was  that  of  a  room  more  than  fifty  feet  square  piped  completely 
around  on  the  side  walls  from  floor  to  ceiling,  with  the  exception  of 
the  doors.  No  circulation  could  penetrate  to  the  centre  of  such  a  room, 
and  conditions  were  very  poor,  in  consequence. 

"  Means   for  Improving   Air   Circulation. 

"  The  placing  of  a  screen  or  apron  in  front  of  the  side  wall  piping, 
as  illustrated  in  Fig.  i8i,  marks  the  first  scientific  step  toward  a  better- 
ment of  air  circulation  in  a  room  with  direct  piping.  It  prevents  the 
action  of  radiation,  and  assists  the  volume,  velocity  and  area  of  circula- 
tion, but  does  not  well  take  care  of  the  centre  oi  the  room,  although  the 
increased  velocity  forces  the  air  to  cover  a  greater  area  and  flow  to 
a  greater  distance  from  the  coils.  The  screen  or  apron  should  be  of 
wood  or  any  moderately  good  non-conductor.  By  separating  the 
warm  from  the  cold  currents  of  air,  the  velocity  is  increased  on  the 
same  principle  that  a  fire  burning  in  a  flue  creates  a  greater  draught 
than  when  burning  in  the  open  air.  Radiation  is  prevented  in  the 
same  way  that  a  fire  screen  protects  one  from  a  too  hot  fire  in  a  grate, 
only  the  radiation,  as  already  explained,  is  in  a  reverse  direction. 
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"  Shown  in  Fig.  182  is  the  same  arrangement  of  screen  or  apron  as 
in  Fig.  1 81,  but  added  thereto  is  a  false  ceiling  extending  out  towards 
the  centre  of  the  room.  This  addition  to  the  perpendicular  apron 
causes  the  air,  after  circulating  over  the  coils,  to  spread  out  more 
towards  the  centre  of  the  room  and  cover  the  cross-sectional  area  much 
more  uniformly.  While  it  decreases  the  velocity  proportionately,  it 
is  considered  a  superior  arrangement  to  the  perpendicular  apron  alone, 
placed  in  front  of  the  coil.  The  false  ceiling  should  have  a  slant  of 
about  one  foot  in  ten,  and  the  opening  on  the  outer  edge  near  the 
centre  of  room  need  not  be  over  three  or  four  inches  in  depth  in 
most  cases.  Without  the  false  ceiling  some  space  must  be  left  for  a 
circulation  of  air  at  the  top  of  the  room;  with  it,  the  goods  may  be 
piled  close  up  to  the  false  ceiling,  so  no  space  of  consequence  is 
wasted  in  using  it. 

"  The  arrangement  shown  in  Fig.  183  was  first  originated  by  Mr. 
C.  M.  Gay,  as  was  described  in  the  August,  1897,  issue  of  Ice  and 
Refrigeration.  Barring  the  space  occupied,  it  is  by  far  the  best 
arrangement  of  room  piping  now  in  use.  The  following  is  quoted  from 
Mr.  Gay's  description :  *  Upper  pipes  of  box  coils  should  be  about 
ten  inches  below  ceiling  of  room,  to  prevent  sweating.  When  brine 
or  ammonia  is  turned  into  these  pipes  the  cold  air  around  the  pipes 
seeks  an  outlet  downward,  and  passes  between  the  false  partition  and 
the  side  wall  of  the  room,  thus  displacing  or  pushing  along  the  air 
in  centre  of  room,  the  cold  air  naturally  seeking  the  lowest  point, 
and  the  warm  air  the  highest  point,  each  by  reason  of  its  relative 
gravity.  Thus,  as  the  cold  air  falls  from  the  cooling  suifaces,  it 
is  replaced  by  the  warm  air  from  highest  point  in  centre  of  room. 
This  secures  a  natural  circulation  and  a  dry  room,  there  being  no 
counter-currents  nor  tendency  to  precipitate  moisture  on  walls  or 
ceiling.'  Mr.  Gay's  remarks  regarding  his  system  apply  with  still 
greater  force  to  the  St.  Clair  system,  and  to  a  greater  or  lesser  extent 
to  any  system  which  provides  for  a  removal  of  the  cooling  pipes  from 
the  room.  1    1 1    1  "* 

"The  St.  Clair  system,  illustrated  in  Fig.  184,  is  sometimes  cfalled 
the  pipe  loft  system,  because  the  cooling  pipes  are  placed  above  the 
storage  room  in  a  pipe  loft  or  coil  room.  This  is  a  favourite  arrange- 
ment where  an  overhead  ice  cold  storage  house  is  equipped  with  the 
mechanical  system.  In  this  case  the  pipes  are  placed  in  a  portion  of 
the  old  ice  room,  and  perhaps  the  old  air  ducts  used  for  air  circulation. 
If  the  storage  house  consists  of  several  floors  of  storage,  the  pipe  loft 
may  be  placed  at  the  top  and  the  rooms  below  all  cooled  from  one 
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pipe  loft,  but  a  much  better  method  is  to  have  an  independent  coil- 
room  for  each  room,  and  circulate  the  air  through  separate  air  ducts. 
This  prevents  contamination  from  foreign  odours  when  different  pro- 
ducts are  stored  in  different  rooms. 

"  The  circulation  is  more  vigorous  and  effective  with  the  St  Clair 
system  than  with  any  pipe-in-the-room  system, .  depending  on  the  law 
that  the  higher  the  column  of  air  the  stronger  the  draught,  in  the  same 
manner  that  a  tall  chimney  gives  a  stronger  draught  than  a  short  one. 
The  effect  of  this  is  to  produce  a  good  circulation  of  air  with  a  com- 
paratively small  variation  of  temperature.  The  St.  Clair  system  is 
also  better  because  by  suitable  trai)-<ioors  on  the  air  ducts  the  pipes 
may  be  shut  off  from  the  room,  when  the  temperature  is  such  outside 
as  not  to  require  the  circulating  of  the  refrigerant.  The  necessity  of 
keeping  the  air  of  a  storage  room  from  contact  with  the  frosted  pipes 
when  the  refrigerant  is  shut  off  will  be  considered  in  connection  with 
the  forced  or  fan  circulation  system,  to  be  described  further  on. 

"  Mechanical  or  Forced  Air  Circulation. 

"  The  simplest,  and  probably  the  most  unsciemtijfic,  form  of 
mechanical  air  circulation  in  cold  storage  rooms  is  the  small  electric 
fan.  These  fans  are  of  the  four  or  six-bladed  disc  type,  of  from  twelve 
to  eighteen  inches  in  diameter,  attached  directly  to  the  shaft  of  a  J^  or 
J:( -horse-power  electric  motor.  The  electric  current  for  operating  is 
usually  obtained  from  the  socket  for  an  incandescent  electric  lamp. 
Electric  fans  are  usually  placed  on  the  floor  in  the  end  of  an  alleyway, 
or  in  an  opening  in  the  piled  goods,  and  are  used  for  creating  a  flow 
of  air  from  one  extremity  of  the  room  toward  the  other.  If  the 
circulation  is  strong  enough,  these  fans  tend  to  create  a  uniform 
temperature  in  the  room ;  but,  as  the  air  from  the  fan  will  follow  a  path 
of  least  resistance,  the  circulation  resulting  from  their  use  is  largely 
confined  to  the  alleyways  and  openings  in  the  piles  of  stored  goods — ^it 
does  not  penetrate  through  and  behind  the  goods  where  it  would  be 
most  useful. 

"  The  use  of  this  type  of  fan  in  cold  storage  rooms  is  of  doubtful 
utility,  and  is  liable  at  times  to  lead  to  a  positive  harm  by  causing  a 
condensation  of  moisture  on  the  goods  in  storage,  as  a  result  of  the 
warm  upper  stratum  of  air  coming  in  contact  with  the  cold  goods  in 
the  bottom  of  the  room.  In  some  cases  electric  fans  have  been  used 
to  propel  the  air  from  the  cooling  pipes,  for  which  purpose  they  are 
placet!  in  an  opening  in  a  screen  or  mantle  c(nering  the  pipes,  forcing 
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the  cooled  air  outwardly  into  tfie  room.     This  is  a  first  step  toward 
scientific  forced  circulation,  and  is  useful  as  far  as  it  goes.     In  many 
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Fig.  185. — Diagram  showing  Mechanical  or  Forced  Air  Circulation,  with  Air 
forced  into  the  Room  at  each  end,  and  drawn  out  at  centre. 

cases  the  electric  fan  is  useful  only  as  a  "  talking  point,"  as  it  is  likely 
to  impress  a  person  who  is  not  familiar  with  cold  storage  work,  with 
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Fig.  186. — Diagram  showing  Mechanical  or  Forced  Air  Circulation,  with  False 
Ceiling  for  distiibuting  Cold  Air  from  the  Coil  Room. 


the  cooling  i)ower  of  the  refrigerating  apparatus,  to  stand  for  a  few 
seconds  in  the  breeze  created  by  one  of  these  high-speed  fans.  Their 
use  has  been  adopted  to  an  extent  not  at  all  warranted  by  the  results 
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to  be  obtained,  and  they  will  no  doubt  be  gradually  discontinued  as  the 
fallacy  of  the  idea  becomes  apparent. 

"  Those  who  use  electric  fans  as  above  described,  by  so  doing  admit 
the  superiority  of  forced  circulation  over  the  gravity  system,  and  also 
admit  that  their  rooms  are  in  bad  condition,  and  that  some  mechanical 
means  of  agitating  or  circulating  the  air  is  necessary.  Instead  of  such 
a  poor  makeshift,  it  seems  that  they  will  eventually  be  forced  to  install 
a  scientific  system  of  forced  circulation. 

"  A  system  which  has  been  installed  in  several  large  houses  in 
the  United  States,  and  to  some  extent  elsewhere,  consists  in  placing  the 
refrigerating  pipes  outside  the  storage  room,  and  using  a  fan  to  propel 
the  air  to  and  from  the  room.     Fig.  1 85  shows  a  floor  plan  of  a  room 
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Fig.  187.— Diagram  showing  Mechanical  or  Forced  Air  Circulation,  with  Air 
admitted  at  sides  of  Ceiling,  and  drawn  out  at  centre  thereof. 


so  equipped.  The  air  is  forced  into  the  room  at  each  end,  and  the 
return  air  to  coil  room  drawn  out  in  the  centre  as  shown.  The  cold 
air  inlet  at  ends  of  room  are  in  some  cases  placed  at  the  floor  and 
in  others  at  the  ceiling  of  the  room,  but  further  than  this  no 
distribution  of  air  is  attempted  other  than  that  resulting  from  the 
location  of  the  inlet  and  outlet.  Sometimes  the  ducts  are  arranged 
to  force  the  air  into  the  room  at  the  centre,  and  the  return  air  to 
coil  room  is  taken  out  at  the  ends,  or  the  cold  air  is  allowed  to  flow 
from  several  openings  in  a  duct  running  across  the  centre  of  the 
room,  but  no  real  distribution  results  from  this  method. 

"  Employing  the  forced   circulation   system   in   this   way   is   very 
much  like  the  indirect  systems  of  steam-heating  as  at  first  installed. 
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It  is  noticeable  now  that  the  best  steam-heating  work  provides  a 
thorough  distribution  of  the  heated  air  throughout  the  apartments 
through  a  great  many  small  openings  rather  than  forcing  a  large  volume 
of  air  into  the  room  at  one  or  two  places.  It  needs  no  argument  or 
demonstration  to  show  that  a  room  heated  or  cooled  by  air  forced 
in  at  one  or  two  openings  must  have  varying  degrees  of  temperature, 
humidity  and  circulation  depending  on  the  remoteness  or  proximity  to 
the  direct  flow  of  air  from  inlet  to  outlet,  for  the  reason  that  the  air 
from  inlet  always  seeks  the  most  direct  path  to  the  outlet  and  moves 
through  the  area  of  least  resistance,  usually  through  the  centre  alley 
of  room.  This  is  a  positive  fact  and  not  a  theory.  The  writer  re- 
cently visited  a  large  room  of  the 

kind  above  described,  and  despite    g//y////////////.7////////^^^^^    ////.// . , ,^//A 
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had  tested  in  every  known  way  and  | 

found    conditions    absolutely    uni-  | 

form,  the  writer  for  himself  saw  a  ^    V.     -—  ^^       '  ^ 

temperature     variation      of      two  | 

degrees,    and    this    between    two  i 

thermometers  hung  in  the  centre  i 

alley  of  room  at  the  same  height  | 

from  floor,  and  without  any  extra-  | 

ordinary  conditions  to  cause  such  ^ 

a  variation.     The  real  difference  in  i 

temperature  in  this  room  between  | 

the  coldest  and  warmest  point  could  „«     ^.  ,      .  ,     . 

^,  ,  t        ^^_       f  •  Fig.  188. — Diagram  showme  Mecham- 

not  have  been  less  than  five  or  six  cal  or  Forced  Air  Circulation,  with  Air 

degrees.  admitted  at  one   side  of  Ceiling,  and 

"  The  longitudinal  section  of  a  ^^'^^^  °"^  ^^  *^^  °'^^'  '^^^• 
room  shown  in  Fig.  186  illustrates  a 

system  of  forced  air  circulation  which  has  been  installed  to  a  moderate 
extent,  but  has  not  become  as  well  established  as  the  one  first 
described.  A  false  ceiling  is  provided  for  distributing  tlie  cold  air 
from  cooling  coils  at  the  top  of  the  room,  but  as  with  the  system  just 
described,  no  collecting  ducts  are  provided  for  the  purpose  of  uni- 
formly removing  the  air  from  the  room.  The  air  from  coil  room 
comes  into  the  room  through  narrow  slit-like  openings  in  the  false 
ceiling,  and  is  returned  to  the  cooling  coils  through  and  by  the  disc 
fan  located  in  the  partition  between  coil  room  and  storage  room. 
It  would  seem  that  this  is  working  counter  to  the  natural  laws  of 
gravitation,  although  it  may  be  looked  at  in  another  light  also. 
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"  It  is  often  remarked  that  *  cold  will  naturally  drop,'  but  this 
should  not  confuse  us  when  studying  the  means  for  promoting  circula- 
tion. If  the  cold  air  is  admitted  to  the  room  at  the  top,  it  will  of 
course  fall  to  the  floor  if  allowed  to  do  so;  but  why  admit  the  cold 
air  at  the  top  of  the  room  if  it  is  wanted  at  the  floor?  In  a  room 
fitted  with  direct  piping  the  cold  air  does  not  drop  through  the  goods  in 
storage,  but  down  over  the  cooling  coils,  and  rises  through  the  goods  in 
storage  as  it  is  warmed.  It  would  seem,  then,  that  any  method  of 
distributing  the  cold  air  at  the  top  of  the  room  is  wrong  in  principle, 
especially  as  no  means  of  uniformly  drawing  off  the  air  at  the  bottom 
of  the  room  is  provided.  When  warm  goods  are  placed  in  a  room 
equipped  in  this  way,  the  moisture  given  off  as  the  goods  are  cooled 
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Fig.  189.— Diagram  showing  Mechanical  or  Forced  Air  Circulation,  with  Air 
admitted  at  each  side  of  Floor,  and  drawn  out  at  centre  of  Ceiling. 

must  be  ver)'  liable  to  collect  on  the  cold  false  ceiling.  To  provide 
uniform  temperatures  and  humidity  with  this  system  it  is  necessary 
to  provide  a  very  strong  blast  of  air,  which  is  to  be  avoided,  as  goods 
directly  in  front  of  the  fan  may  be  exposed  to  too  great  a  drying 

influence. 

"  The  arrangement  of  collecting  and  distributing  air  ducts  shown 
in  the  cross  section  of  room.  Fig.  187,  has  been  installed  in  a  number 
of  houses  in  America,  and,  like  some  of  the  others,  ^  depends  on 
the  'cold  will  naturally  drop'  theory  for  its  operation.  The  arrows 
show  the  natural  tendency  of  the  air  circulation  from  the  cold  air 
ducts  on  the  sides  of  the  room  to  the  warm  air  collecting  duct  in 
the  centre.  In  some  cases  the  cold  air  is  distributed  in  the  centre 
and  collected  at  the  sides  of  the  room,   and  where  the  room  is 
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narrow  only  two  ducts  are  used,  as  in  Fig.  i88,  a  cold  air  distributing 
duct  on  one  side  of  the  room  and  a  warm  air  collecting  duct  cmi  the 
opposite  side.     In  every  case  the  ducts  are  placed   at  the  ceiling, 
on  the  theory  that  the  air  from  cold  air  duct  wiU  drop  and  distribute 
itself  along  the  floor  before  being  drawn  back  to  the  coil  room 
through  the  return  duct.     The  openings  provided  in  the  air  ducts  of 
this  system  are  usually  square  openings,  fitted  with  sliding  gates  to 
regulate  the  flow  of  air  into  the  room  and  its  return  to  cooler.     These 
gates  are  placed  five  or  six  feet  apart,  consequently  a  good  distribution 
of  air  is  not  provided,  and  goods  exposed  to  the  rapid  flow  of  air 
directly  in  front  of  the  openings  will  get   a  much  greater  volume 
of  circulation  than  is  to  be 
found  in  any  other  part  of 
the  room.     When  a  room  of 
this  kind  is  filled  with  goods, 
preventing  the  air  from  fall- 
ing directly  from  the  cold  air 
duct  to  the  floor,  no  circula- 
tion of  consequence  will  be 
obtained  near  the  floor,  for 
the  reason  that  air  will  travel 
through  path  of  least  resis- 
tance, almost  directly  from 
feeder  duct  to  return  duct, 
about    as    shown    by    the 
arrows. 

"  A    method    somewhat 
similar  to  the  one  just  de- 


Fig.    190. — Diagram  showing  Mechanical  or 
Forced  Air  Circulation,  with  ^Air  admitted  at 
one  side^of  Floor,  and^drawn*out^at  other  side 
scribed  is  that  in  which  the    of  Ceiling. 

cold   air   distributing   ducts 

are  placed  at  the  floor  and  the  warm  air  return  duct  is  placed  at  the  ceil- 
ing, as  represented  by  the  cross  sections  of  rooms.  Figs.  189  and  190.  In 
narrow  rooms  one  distributing  duct  is  used  as  shown  in  Fig.  190.  In 
wider  rooms  two  distributing  ducts  on  opposite  sides  of  the  room  at  the 
floor  are  used,  and  one  collecting  duct  at  ceiling  in  centre  of  room.  This 
arrangement  has  the  merit  of  operating  according  to  the  laws  of  gravity, 
but  still  lacks  the  thorough  distribution  of  cold  air  and  collection  of 
warm  air,  as  shown  in  the  system  described  further  on.  It  is,  however, 
considerable  of  an  improvement  on  any  of  the  preceding  methods, 
and  the  writer  has  demonstrated  in  actual  service  that  it  will  produce 
fairly  uniform  circulation  and  temperatures  with  a  comparatively  gentle 
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flow  of  air.  This  system  is  to  be  recommended  for  goods  which  do 
not  give  off  much  moisture.  It  is  preferable  to  use  numerous  small 
holes  rather  than  a  few  large  openings  in  the  supply  and  return 
ducts.  » 

"The  system  shown  in  the  cross  section  of  room,  Fig.  191,  was 
develop&l  by  the  writer  (Mr.  Cooper)  after  some  experiments,  and 
has  since  been  improved  by  two  successive  steps.  It  was  the  old 
trouble  of  sluggish  circulation,  especially  during  the  fall  and  winter, 
which  impelled  the  writer  to  experiment  for  its  betterment.  As  an 
improvement  over  the  small  electric  fan  already  mentioned,  an 
exhaust  fan  was  fitted  up  to  take  air  from  the  cooling  apparatus 
and  deliver  it  to  the  rear  end  of  the  room  through  a  perforated  duct. 
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Fig.  191. — Diagram  showing  Mechanical  or  Forced  Air  Circulation,  with  Air 
admitted  at  two  Ducts  on  each  side  of  Wall,  and  drawn  out  through  Perforated 
False  Ceiling. 

The  air  was  allowed  to  find  its  way  back  to  the  coils  as  best  it 
could. 

"  This  method  was  applied  to  a  long  narrow  room,  and  certainly  was 
a  decided  improvement  over  the  sluggish  natural  circulation  which  it 
superseded.  Following  this,  the  perforated  false  ceiling  was  applied, 
with  distributing  cold  air  ducts  on  the  walls,  as  shown 
in  Fig.  191.  The  cold  air  from  coil  room  was  forced  into 
small  holes  in  the  top,  bottom,  and  sides,  of  the  cold  air  ducts.  The 
warm  air  from  the  room  flowed  upwards  through  the  small  perforations 
in  the  false  ceiling  and  through  the  space  between  the  ceiling  of  the 
room  and  false  ceiling,  and  thence  to  the  coil  room,  where  the  air  was 
cooled,  and  caused  to  repeat  the  same  circuit  continuously.     The  first 
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apparatus  was  clumsy,  and  the  proportions  of  the  various  parts  not 
correct,  but  the  eflSciency  of  a  forced  circulation  of  air,  and  a  thorough 
distribution  and  collection  of  the  incoming  and  outgoing  air  of  a  cold 
storage  room  so  plainly  proven,  that  a  further  development  of  the  idea 
was  undertaken. 

"  It  was  demonstrated  by  above  described  experiments  that  a 
comparatively  small  amount  of  air  well  distributed  and  uniformly  drawn 
off  at  the  top  of  the  room  after  flowing  upward  through  the  goods  in 
storage,  would  produce  very  uniform  conditions  throughout  the  entire 
area  of  the  room.     Following  up  this  information  the  apparatus  was 
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Fig.  192. — Diagram  showing  Mechanical  or  Forced  Air  Circulation,  with  Air 
admitted  at  one  broad  Duct  on  each  Side  Wall,  and  drawn  out  through  Perforated 
Ceiling. 


reduced  to  a  more  practical  form  by  substituting  one  broad  duct  near 
the  floor,  as  in  Fig.  192,  for  distributing  the  cold  air,  in  place  of  the 
two  distributing  ducts  as  used  in  the  apparatus  shown  in  Fig.  191. 

"  The  top  duct  of  the  two  did  not  accomplish  any  result  of  conse- 
quence, and  was  considered  objectionable,  as  the  air  passing  from  this 
duct  to  the  false  ceiling  did  not  percolate  through  the  goods  to  any 
considerable  extent,  and  resulted  practically  in  a  loss  of  the  work 
done  by  the  air  flowing  from  the  top  duct.  Two  ducts  also  made  the 
apparatus  more    complicated.      Using    the    broad  single  distributing 
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duct  near  the  floor  in  combination  with  the  false  ceiling  resulted  in 
very  penetrating  and  uniform  circulation  of  air,  and  in  practical  service 
it  has  been  found  to  produce  superior  results. 

"  No  practical  objections  have  been  urged  against  it.  As  shown 
by  the  arrows,  the  air  is  caused  to  cover  very  uniformly  the  entire  cross- 
sectional  arei  of  the  room.  This  was  accomplished  by  perforating 
the  distributing  ducts  with  small  holes,  and  so  proportioning  them 
that  a  larger  part  of  the  flow  of  air  is  from  the  bottom  of  the  ducts. 
The  ducts  are  also  perforated  to  some  extent  on  sides  and  top.  By 
piling  the  goods  a  few  inches  ofiF  the  floor  the  air  from  bottom  of  ducts 
flows  under  the  goods  and  out  to  centre  of  room.  This  action  is 
also  assisted  by  having  the  greater  number  of  the  perforations  in  false 


Fig.    193.— DiagRim   showing   Mechanical    or    Forced    Air   Circulation,    with   Air 
admit te<l  through  Perforated  Floor,  and  drawn  out  through  Perforated  Ceih'ng. 


ceiling  in  the  middle  third  or  quarter  of  the  room,  so  as  to  draw  the 
air  out  from  sides  of  room.  As  indicated  by  the  arrows,  the  air 
moves  up  from  the  distributing  duct,  is  drawn  into  space  above  false 
ceiling,  and  returned  to  coil  room  to  be  cooled. 

"  The  system  described  in  the  foregoing  paragraph  is  nearly  theo- 
retically perfect  so  far  as  a  uniform  circulation  of  air  is  concerned, 
and  a  more  thorough  method  than  any  of  its  predecessors,  but  it  still 
remained  to  design  the  perforated  false  fl(M)r  and  false  ceiling  combina- 
tion. Fig.  193,  to  proiluce  a  system  which  cannot  be  improved  upon 
theoretically.  Not  only  is  the  system  theoretically  perfect,  but  its 
practical  application  is  so  simple  as  to  be  unobjectionable.     As  shown 
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clearly  by  the  sketch,  the  flow  of  air  is  directly  upward  from  floor  to 
ceiling,  consequently  all  goods  piled  in  such  a  room  are  exposed  to 
exactly  the  same  conditions  as  to  circulation,  temperature,  humidity, 
and  purity  of  the  air.  In  a  room  equipped  with  this  system,  with  the 
parts  correctly  proportioned,  it  is  entirely  safe  to  pile  goods  closely, 
only  allowing  a  fraction  of  an  inch  between  the  packages  and  at  sides 
of  room  and  placing  thin  strips  beneath  the  goods  to  allow  air  to  flow 
from  perforations  in  false  floor. 

"  Where,  in  rooms  fitted  with  direct  piping  and  some  of  the  fan 
systems  as  well,  a  large  space  must  be  left  at  floor  and  ceiling  for  a 
circulation  of  air,  with  this  system  goods  may  be  piled  close  up  to 
ceiling  leaving  only  half  an  inch  for  the  air  to  flow  into  perforations  in 
false  ceilings.  As  the  space  occupied  in  height  by  false  floor  and  its 
space  underneath  is  only  one  and  three-fourths  inches  and  that  occu- 
pied by  false  ceiling  only  one  and  one-fourth  inches,  it  will  be  apparent 
that  much  space  will  be  saved  by  using  this  system.  After  a  room 
is  filled  with  goods  and  cooled  down  to  the  correct  carrying  tempera- 
ture, no  difference  in  temperature  can  be  noticed  in  different  parts  of 
the  room.  No  blast  of  air  can  be  felt-  in  any  place,  a  gentle  flow  from 
perforations  only  is  noticeable,  therefore  no  particular  place  has  more 
circulation  than  another  to  cause  a  drying  out  of  the  goods.  The 
advantages  of  this  system  over  any  of  the  others  may  be  summed  up 
as  follows: 

'*  I.  A  more  equal  distribution  of  air,  especially  when  the  room  is 
filled  with  goods.  Goods  in  centre  cA  room  are  exposed  to  the  same 
temperature,  circulation,  etc.,  as  those  at  sides. 

"  2.  Saving  in  space,  as  it  allows  the  room  to  be  filled  full  of 
goods  without  leaving  large  spaces  at  top  and  bottom  for  a  circulation 
of  air. 

"  3.  Where  the  air  is  so  p>erfectly  distributed  and  collected  it  is  not 
necessary  to  circulate  such  a  large  volume,  saving  in  power  and  lessen- 
ing the  liability  of  evaporation  of  goods." 


Insulation. 


Besides  being  non-conductive,  a  good  insulating  material  should  be 
non-odorous,  non-hygroscopic,  or  deliquescent,  not  liable  to  silt,  both 
vermin  and  fire-proof,  and  inexpensive. 

The  efficient  insulation  of  a  freezing-room  or  of  a  cold  store,  or 
refrigerating  chamber,  is  a  matter  of  very  great  importance  from  an 
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economical  point  of  view.  This  will  be  apparait  when  it  is  remem- 
bered that  when  once  the  contents  of  the  said  cold  stc«-e  or  chamber 
are  reduced  to  the  requisite  temperature,  the  entire  work  required  of 
the  refrigerating  machine  will  be  only  that  which  is  necessary  to 
neutralise  the  heat  that  passes  through  the  walls,  floor,  and  ceiling 
thereof,  from  the  exterior.  Consequently,  the  more  perfect  the  insula- 
tion, the  less  the  machine  will  be  called  upon  to  work,  and  naturally 
in  a  corresponding  ratio  also  will  be  the  saving  effected  in  fuel,  wear 
and  tear  of  the  working  parts,  and  in  attendance. 

The  means  adopted  for  insulation  consist  in  lining  the  room,  or, 
in  the  case  of  a  marine  installation,  the  hold  of  the  vessel,  with  some 
material  forming  a  very  bad  conductor  of  heat  The  exact  method 
of  carrying  this  out,  as  also  the  nature  of  the  non-conducting  material 
employed,  must  necessarily  be  considerably  varied  according  to  the 
circumstances  of  each  particular  case. 

Mr.  Lightfoot  recommends  as  a  fairly  good  protection  an  outer 
and  an  inner  layer  of  tongued  and  grooved  boards,  i  in.  or  ij4  in. 
thick,  with  a  9-in.  space  or  clearance  between  them  filled  with 
charcoal,  or  in  some  cases  preferably  with  silicate  cotton  or  slag 
wool. 

In  France  and  Germany  cork  is  used  with  marked  success  as  a  non- 
conductor, and  it  is  evidently  a  substance  exceedingly  suitable  for  the 
purpose  in  question,  being  a  material  ver>'  impervious  to  heat,  and 
capable  of  withstanding  moisture.  Either  ordinary  cork  cut  into 
thin  slices,  or  refuse  or  waste  cork,  from  other  industries,  thoroughly 
ground  up  or  disintegrated  into  a  coarse  powder,  is  employed,  the 
former  being  the  best  but  the  most  expensive.  In  New  Zealand  and 
Australia  pumice  stone  is  much  used. 

Various  other  substances  such  as  asbestos,  cotton-wool,  sheep's 
wool,  pine-wood,  loam,  gas  works  breeze,  coal  ashes,  sawdust,  hair  felt, 
lamp  black,  mica,  paper,  fine  cinders,  pitch,  etc.,  are  likewise  employed 
for  purposes  of  insulation.  A  number  of  different  compositions  have 
also  been  tested  and  used  as  heat  insulators,  amongst  which  may  be 
mentioned  the  following : — Composition  of  fossil  meal,  composed  of 
60  per  cent,  of  washed  white  German  kieselguhr,  and  40  per  cent,  of 
binding  material;  composition  of  kieselguhr  from  German  mines, 
with  10  per  cent,  of  binding  matter,  such  as  fibre,  and  mucilaginous 
extract  of  vegetable;  cement  composed  of  blue  clay  mixed  with  flax; 
jute,  and  woollen  waste,  or  cow's  hair,  in  equal  proportions;  fibrous 
composition  of  fine  blue  clay  mixed  with  flax,  hemp,  rope,  jute,  cow- 
hair,  and  woollen  waste ;  and  a  papier  mache  composition  composed  of 
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paper-pulp  mixed  with  clay  and  carbon,  together  with  hair  and 
fragments  of  hemp-rope. 

In  choosing  a  substance  other  considerations  besides  its  good 
insulating  powers  must  be  taken  into  consideration,  such,  for  instance, 
as  its  capacity  for  withstanding  moisture.  This  latter  quality  is  of  the 
utmost  importance,  inasmuch  as  at  very  low  temperatures  moisture 
from  the  air  is  very  readily  absorbed  by  many  substances,  and  fer- 
mentation, rotting,  and  decay,  will  result  therefrom.  It  is  for  this 
reason  that  cork  forms  so  desirable  a  material  for  insulating  purposes, 
although  surpassed  in  non-conductibility  by  some  others.  For  a  like 
reason  pitch,  or  some  form  of  enamel  composed  of  bitumen  and  other 
ingredients,  are  found  to  be  very  valuable.  Lamp-black  is  claimed  to 
be  a  very  good  material  for  insulating  purposes  in  railway  and  other 
portable  refrigerating  chambers  by  reason  of  its  lightness  and  elasticity, 
and  more  particularly  on  account  of  its  non-liability  to  pack  from  jolt- 
ing, and  complete  imperviousness  to  moisture.  This  material  is  the 
one  employed  by  Henry  Carr  Godell,  in  his  patent  (1884)  movable 
refrigerating  chamber.  When  it  is  desirable  to  increase  the  elasticity 
and  reduce  the  cost,  he  sometimes  uses  a  mixture  of  either  short  fibre 
or  scales  of  mica. 

Whatever  the  filling  material  that  may  be  employed  for  insulating 
purposes,  however,  it  should  always  be  borne  in  mind  that  the  more  air 
that  is  enclosed  with  it  between  the  walls  or  skins  the  better,  for  it  is 
a  well-known  fact  that  the  best  non-conductor  of  heat  is  dry  air,  the 
units  of  heat  transmitted  per  square  foot  per  hoiu:,  through  a  layer  of 
confined  air  of  i  in.  in  thickness,  being  about  '29. 

When  charcoal  is  employed  it  should  be  well  dried,  and  packed  as 
nearly  as  possible  to  a  consistency  of  11  lbs.  per  cubic  foot.  Silicate 
cotton  or  slagwool  is  usually  packed  to  a  consistency  of  about  12  lbs. 
per  cubic  foot,  one  ton  equalling  about  187  cubic  feet.  Some  engineers 
prefer,  however,  to  use  13  lbs.  per  cubic  foot. 

The  following  table,  from  experiments  by  Peclet,  gives  the  amount 
of  heat  in  units  transmitted  per  square  foot  per  hour,  through  various 
substances,  in  plates  or  layers  of  i  in.  in  thickness,  many  of  which  are 
suitable  for  insulating  cold-air  or  refrigerating  chambers.  The  experi- 
ments were  made  by  heating  one  side  of  the  plates  or  layers  by  means 
of  hot  water,  and  cooling  the  other  side  by  cold  water,  the  difference 
between  the  temperature  of  the  two  faces  being  1°  Fahr. 
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Materials. 


Gold    . 

Platinum 

Silver  . 

Copper 

Iron     . 

Zinc    . 

Tin 

Lead    . 

Marble 

Stone  . 

Glass  . 

Terra-cot ta  . 

Brickwork  . 

Plaster 

Sand  . 

Oak,  against  the  grain 

or  fibre     . 
Walnut,  with  the  grain 

or  fibre     . 
Fir,  with  the  grain  or 

fibre 


Units  of 
heat  trans- 
mitted. 


Materials. 


625 
600 

595 
520 

230 

225 

178 

24 

M 
6-6 

4-8 

4-8 

3-8 
2-i; 

>-7 
1*4 
^•37 


Guttapercha 
India-rubber 
Biickdust,  sifted 
Coke,  in  powder 
Iron  filings  . 
Cork   . 
Chalk,  in  powder 
Charcoal  (wood)  in  pow 

der  . 
Straw,  chopped  . 
Coal,  powder  sifted 
Wood  ashes 
Mahogany  dust    . 
Canvas,  hempen  new 
Calico,  new 
Writing  paper,  white 
Cotton  and  sheep's  wool 
Eiderdown  . 
Blotting  paper,  grey 


Units  of 
beat  trans- 
mitted. 


I 


1*37 
1-36 

1-33 
1-29 

1-26 

115 

•86 

•63 

•56 

•54 

•53 

•52 

•41 
'40 

•34 
•32 

•31 
•26 


The  quantity  of  heat  in  units,  transmitted  through  one  square  foot 
of  plate  per  hour,  may  be  found  thus :  subtract  the  temperature  of  the 
cooler  side  from  that  of  the  hotter  side  of  the  plate,  then  multiply  the 
result  by  the  number  in  the  preceding  table  corresponding  to  the 
material  used,  and  divdde  the  product  by  the  thickness  of  plate.  Thus 
an  iron  plate  2  in.  thick,  having  a  temperature  of  doP  on  one  side  and 

20    X    230 
80°  on  the  other,  will  transmit  80  —  60  =  — =  2,300  units  oi 

heat  per  square  foot  per  hour.* 

A  series  of  five  experiments  +  on  radiation  at  low  temperatures  were 
conducted  by  Raoul  Pictet  on  the  rate  of  heating  of  a  body  cooled  to 
—  170°  Cent.  (—  338°  Fahr.),  the  surrounding  atmosphere  being  at  a 
temperature  of  +  11°  Cent.  (  +  51 '8°  Fahr.). 

The  refrigerators  employed  were  cooled  by  a  mixture  of  sulphur  di- 
oxide and  carbon  dioxide  (Pictet's  special  liquid),  or  by  liquid  nitrous 
oxide,  their  thermal  capacity  being  considered  in  every  case.  In  the  first 
experiment  the  surface  of  the  refrigerator  was  uncovered ;  in  the  second 
it  was  encased  in  a  sufficient  covering  of  cotton  waste  to  prevent  the 
formation  of  hoar  frost  on  the  metal;  whilst  in  the  third,  fourth,  and 

*  Hutton.     "  Works  Managers'  Handbook.''      Crosby  Lockwood  &  Son. 

t  •*  Comptes  Rendus  deTAcademie  des  Sciences,"  Paris,  vol.  cxix.,  p.  1202.   1894. 
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fifth  series  protecting  layers  of  lo,  25,  and  50  centimetres  in  thickness 
were  employed. 

The  results  showed  that  at  extremely  cold  temperatures  between 
-  170°  Cent.  (  -  338°  Fahr.)  and  -  100°  Cent.  ( —  212°  Fahr.)  a  thick 
layer  of  cotton  afforded  but  a  slight  protection.  It  was  only  between 
the  temperatures  of  —  20°  Cent.  (  —  68°  Fahr.)  and  +  lo*^  Cent. 
(  +  50°  Fahr.)  that  the  effect  of  the  protecting  layers  became  propor- 
tional to  iheir  thickness. 

In  the  opinion  of  Mr.  Pictet,  bad  conductors  of  heat  are  capable  of 
absorbing,  with  considerable  efficiency,  the  radiations  from  bodies  at 
temperatures  between  — 60°   Cent.  (  —  140°  Fahr.)  and  +  11°  Cent. 
(  +  51*8°  Fahr.),  but  are  ineffective  as  regards  calorific  vibrations  at 
temperatures  below  —  60*^  Cent.  {  —  140°   Fahr.)      With  other  non- 
conducting substances,   such   as   silk,  wool,  sawdust,   cork,   charcoal 
powder,  and  peat,  the  results  were  identical,  and,  as  a  rule,  bad  con- 
ductors appeared  to  be  freely  permeable  to  heat  at  low  temperatures 
between— 100°  Cent.  ( —  212°  Fahr.),and  -  170°  Cent.  (  —  338°  Fahr.). 
The  table  on  the  next  page  gives  the  results  of  tests*  undertaken 
by   Professor   Andrew    Jamieson,    M.Inst.C.E.,    for   the   purpose   of 
determining  the  relative  and  absolute  thermal  conductivities  of  sub- 
stances used  as  lagging  for  steam-boilers,  for  parts  of  steam-engines, 
and  for  refrigerating  machines.     The  method  adopted  was  to  observe 
the  fall  of  temperature  in  a  known  weight  of  hot  water  contained  in  a 
vessel  coated  on  all  sides  with  a  certain  thickness  of  the  material 
under  examination,  the  outer  surface  of  which  was  maintained  at  a 
constant  temperature  by  the  continuous  flow  of  cold  water  through  a 
water-jacket. 

The  apparatus  consisted  of  three  cylindrical  tin  cases,  the  inner- 
most of  which  was  fitted  with  a  water-tight  lid  having  a  central  funnel 
through  which  the  hot  water  was  inserted.  The  space  or  clearance 
of  I  in.  left  between  the  first  or  innermost  vessel,  and  the  second  vessel, 
contained  the  non-conducting  material  under  test;  and  the  space 
between  the  second  and  third  vessel  formed  the  water-jacket.  Ther- 
mometers were  placed  in  the  hot-water  chamber  and  water-jacket,  and 
an  arrangement  for  stirring  the  water  in  the  said  hot- water  chamber  in 
the  innermost  vessel  was  likewise  provided.  Each  specimen  of  non- 
conducting material  was  placed  upon  a  separate  inner  case, 
each  of  the  latter  being  covered  to  an  uniform  thickness  of  i  in.  in  the 
manner  in  which  the  said  material  would  be  employed  in  actual  prac- 

*  "Minutes  of  Pi-oceedings,  Institution  of  Civil  Engineers,"  vol.  cxxi.,  Session 
1894-95.  PP-  291,  292,  293,  294,  295. 
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tice.  The  non-conducting  composition  was  applied  in  layers,  carefully 
dried  in  succession,  so  as  to  ensure  the  dryness  necessary  to  the 
accuracy  of  the  tests  being  obtained. 

The  covered  tin  cases  were  tested  as  fallows : — lo  lbs.  of  boiling 
water  was  poured  through  a  funnel  into  the  hot-water  chamber.  Cold 
water  was  then  allowed  to  flow  uniformly  from  the  main  water-pipe, 
and  to  circulate  freely  through  the  cold-water  chamber.  During  no 
test  was  the  temperature  in  this  chamber  observed  to  rise  as  much  as 
i"  Cent.  The  outer  surface  was,  therefore,  kept  at  a  constant  tem- 
perature throughout  each  test.  In  order  to  prevent  the  temperature 
of  the  hot  water  from  falling  too  quickly  at  first,  and  to  bring  the  non- 
conductor and  the  whole  apparatus  to  a  condition  of  constant  tempera- 
ture or  heat  equilibrium,  steam  at  atmospheric  pressure  generated  in  a 
Florence-flask,  was  first  passed  into  the  inner  vessel  by  means  of  a 
glass  tube  led  into  it  through  the  funnel.  The  steam-pipe  was  then 
removed,  and  a  paraffined  cork  fitted  tightly  into  its  position.  The 
first  reading  was  always  taken  when  the  temperature  of  the  hot  water 
had  just  fallen  to  94°  Cent.  (201*2°  Fahr.).  The  water  in  inner 
chamber  was  stirred  by  a  perforated  piston  prior  to  the  readings  of  the 
thermometers  in  the  two  chambers,  which  were  taken  simultaneously, 
being  noted.  Successive  readings  of  both  thermometers  were  taken  in 
the  same  way,  and  recorded  every  ten  minutes. 

Results  of  the  Tests. 


« 
1^ 

M 

3^ 

i'^     ■ 

§1 

•=i?s! 

t^^ 

^  ba 

Ha 

Tbermi 
•nductivi 
olute  M< 

inductivi 
pared  w 
Still  Ail 

Name  of  Material. 

Sbt  of 
udin 

•38 

1-^ 

Total 
tore 

"1 

°  a 
u 

lbs.     oz. 

Deg.  Cent. 

Dry  air    .... 

— 

6-0 

0-0000558 

I -00 

Fossil  meal  composition  . 

7      2 

21*5 

0-0002689 

4-82 

Cement  with  hair  felt*     . 

5    15 

300 

0-0003613 

6-47 

Silicate  cotton, f  or  slag 

wool     .... 

— 

29-0 

0-0003875 

6-95 

KieselguhrJ  composition 

7     13 

29-0 

0-0004336 

rn 

Papier  mach£  composition^ 

7      6 

35*5 

0*0004424 

7*93 

Fibrous  composition  (flax, 
hemp,  cow-hair,  and  clay) 

9      9 

34*5 

0-0004550 

798 

Papier  mach^  composition]! 

8     12 

37-5 

0-0005019 

8-99 

♦  The  outside  diameter  of  this  sample  was  about  \  in.  smaller  than  the  inside 
diameter  of  the  middle  tin-case  or  vessel,  and  it  had  consequently  a  slight  advantage 
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The  results  of  testsIF  made  by  Mr.  John  G.  Dobbie,  superintending 
engineer  at  Calcutta  to  the  British  India  Steam  Navigation  Company, 
to  determine  the  conductivities  of  asbestos  and  Kieselguhr  composi- 
tion were  as  follows : — 

Results  of  Tests. 


Asbestos. 

Kieselfifuhr  Com- 
{tosition. 

1 

Water  Condensed   Water  Condensed 

in  Inches.                  in  Inches. 

After  15  minutes    . 

f»     30       »»         •        ■ 

»»     45       »»         •        • 
,,     60       ,, 

Totals  in  one  hour  . 

4: 
3: 

3 
3t 

2i 

2  > 
2} 

14* 

9i 

This  experiment  shows  a  saving  of  36  per  cent  in  favour  of  Kieselguhr 
composition.  The  tests  were  made  with  two  boiler-tubes — 3J^  in.  in 
outside  diameter  and  7  ft  long,  closed  at  both  ends,  and  covered  with 
a  thickness  of  2  in.  of  asbestos  and  Kieselguhr  composition  respectively. 
The  tubes  were  suspended  side  by  side,  and  steam  was  admitted  at  the 
top,  a  gauge-glass  being  fitted  at  the  bottom  of  each  by  which  the 
amount  of  condensation  inside  the  tubes  could  be  accurately  observed. 
Steam  at  a  pressure  of  30  lbs.  per  square  inch  was  used  in  the  tubes. 
In  the  first  trial,' which  lasted  one  hour,  12*375  in.  ^^  water  were  con- 
densed in  the  tube  covered  with  asbestos,  and  8*375  ^^'  ^^  ^^^  covered 
with  Kieselguhr  composition,  showing  33  per  cent,  less  water  condensed 
with  Kieselguhr  composition.     In  the  second  trial,  of  one  hour  also,  the 

over  the  other  samples  in  having  a  thin  layer  of  air  between  its  outer  surface  and  the 
latter. 

t  The  silicate  cotton  was  pressed  together  tightly,  and  thus  its  conductivity 
appears  greater  than  would  have  been  the  case  had  it  been  more  loosely  packed. 

X  The  Kieselguhr  employed  consisted  on  the  average  of  Silica  83*8,  Magnesia  07, 
Lime  o*8,  Alumina  i*o,  Peroxide  of  Iron  2*1,  Organic  Matter  4*5,  Moisture  and 
Loss,  7*1.  It  was  employed  in  conjunction  with  10  percent,  of  binding  material, 
viz.,  fibre  and  mucilaginous  extract  of  several  vegetable  matters. 

§  Papier  mach6  composition,  consisting  of  paper  pulp  mixed  w\jth  clay  and  carbon, 
together  with  hair  and  ft-agments  of  hemp  rope. 

jj  A  lighter  modification  of  above. 

f  "Minutes  of  Proceedings,  Institution  of  Civil  Engineers,"  vol.  cxxi..  Session 
1894-95.  PP-  301'  302. 
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condensation  was  noted  every  fifteen  minutes,  and  gave  the  results 
shown  in  the  above  table. 

From  these  and  other  tests  the  author  has  been  led  to  the  conclu- 
sion that  hard-pressed  asbestos  paper  or  cloth  is  a  better  conductor  of 
heat  than  silicate  cotton  or  slag  wool,  felt,  hair,  wool,  or  some  of  the 
Kieselguhr  compositions.  The  main  reason  for  the  superior  non-con- 
ductivities of  porous  materials  is  on  account  of  the  entrapped  and 
occluded  air,  hence  the  looser  asbestos  and  other  fibrous  materials  are 
laid  on  the  better  will  they  prevent  radiation  of  heat. 

In  an  appendix*  to  his  paper  on  heat-insulators,  Professor  Jamieson 
gives  some  accounts  of  previous  experiments,  of  which  the  following 
is  a  brief  extract : — 

**  In  1 88 1,  Mr.  Charles  E.  Emery,  Ph.D.,  wrote  a  papert  on  'Ex- 
periments with  Non-conductors  of  Heat,'  wherein  the  results  of  his 
tests  on  fourteen  different  substances  are  given.  The  apparatus  used 
consisted  of  a  boiler,  4  ft.  in  diameter  and  12  ft.  long,  constructed 
with  three  lo-in.  tubes.  Into  these  tubes  were  placed  smaller  tubes  to 
receive  steam,  and  around  the  inner  tubes  were  placed  the  non-con- 
ducting substances,  water  being  circulated  through  the  larger  shell 
outside  of  the  outer  tubes.  The  results  (see  table)  were  shown  by  the 
amount  of  steam  condensed  in  the  inner  tubes,  the  water  of  condensa- 
tion being  conducted  to  small  cylindrical  vessels,  each  provided  with 

a  glass  gauge." 

In  1884,  Professor  John  M.  Ordway,  of  Boston,  Mass.,  described 
in  a  papert  on  "  Experiments  upon  Non-conducting  Coverings  for 
Steam-pipes,"  tests  of  a  great  variety  of  substances  by  three  methods, 
viz. :  (i)  by  measuring  the  temperatures  on  the  outside  of  the  coverings  \ 
(2)  by  measuring  the  weight  of  steam  condensed  in  a  certain  time 
over  a  certain  length  of  covered  pipe;  {3)  by  a  calorimeter. 

In  1884,  Mr.  J.  J.  Coleman  gave§  the  results  of  a  series  of  experi- 
ments (see  table)  on  eight  substances  tested  by  means  of  Lavoiser's  ice- 
calorimeter.  The  object  of  the  experiments  was  to  find  the  substance 
which  would  make  the  best  covering  for  the  "  Bell-Coleman  Freezing 
Machines." 

•  "  Minutes  of  Proceedings,  Institution  of  Civil  Engineers,"  vol.  cxxi.,  Session 

1894-95,  pp.  298-299. 

t  "  Transactions,  American   Society  of  Mechanical  Engineers,"  vol.  ii.,    1881, 

X  *<  Transactions,  American  Society  of  Mechanical  Engineers,"  vol.  v.,  1883-84, 

'  '  {"  Proceedings,  Philosophical  Society  of  Glasgow,"  vol.  xv.,  1883-84,  p.  90. 
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In  1884,  Mr.  D.  K.  Clark,  M.Inst. C.E.,  reported*  to  the  National 
Smoke  Abatement  Institution  the  results  of  tests  carried  out  at  the 
works  of  Messrs.  Samuel  Hodge  and  Sons,  Millwall,  of  seven  sub- 
stances as  compared  with  a  bare  pipe. 

In  1 89 1,  Mr.  W.  Hepworth  Collins  read  a  papert  on  "  The  Com- 
parative Value  of  Various  Substances  used  as  Non-Conducting  Cover- 
ings for  Steam  Boilers  and  Pipes/'  giving  the  results  of  experiments 
in  which  a  mass  of  each  material  to  be  experimented  upon,  i  in.  thick, 
was  carefully  prepared  and  placed  on  a  perfectly  flat  iron  plate  or 
tray,  which  was  then  maintained  at  a  constant  temperature  of  310° 
Fahr.  The  heat  transmitted  through  each  non-conducting  mass  was 
calculated  in  lbs.  of  water  heated  10°  Fahr.  per  hour  (see  table). 


Results    of    Different    Experiments    on    the    Heat 
Conductivities    of    Various   Substances. 

{Silicate  cotton  being  taken  as  100.) 


Substance. 

• 

J.  J.  Coleman. 
X884. 

• 

S. 

• 

Fossil  meal  composition 
Cement  with  han-'felt     . 
Silicate  cotton  or  slag  wool    . 
Hair-felt  or  fibrous  composition 
Papier-mach^ 
Kieselguhr  composition . 
Sawdust         .... 
Charcoal        .        •        •        . 

Cottonwool 

Sheeps*  wool         .... 
Pine  wood  (across  the  grain) . 

Loam 

Gasworks  breeze  or  coal  ashes 
Asbestos 

1 

•  • 

100 

•  • 

122 
132 

•  • 

150 

•  • 

240 
229 

•  • 

•  • 
ICO 

117 

•  . 

136 
163 

140 

132 
'36 

»  . 
230 

•      • 

•  • 

100 
114 

147 

•  • 
142 

299 
179 

70 

93 
100 

112 

III 

112 

•  • 

» • 

•  • 

•  • 

♦  "  The  Engineer/ Wol.  Ivii.,  1884,  p.  65. 

t  "  Report  of  the  British  Association  for  the  Advancement  of  Science,"  Cardiff, 
1891,  p.  780. 
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Results  of  Tests  to  Determine  the  Non-Conductive  Values 

OF  Different  Materials. 

{H,  F.  Donaldson,  Af.I.CS.,  Proceedings^  Inst.  C.E.) 

Experiment  No.  i. 


Thickness 

ot 

Insulating 

Material. 

Original 

Weight 

of  Ice. 

Weight  after 

Loss  after 
Seventy- 
two 
Hours. 

Twenty- 
four 
Hours. 

.Seventy- 
two 
Hours. 

Peat  (compressed 
and  set  in  Fossil 
Meal)     . . 

Charcoal   .. 

Silicate  Cotton    . . 

Magnesia  and  As- 
bestos Fibre       • , 

Inches. 

9 
II 

44 
4i 

Ozs. 

95 

92} 

93 

Ozs. 

81 

79* 
73i 

73 

Ozs. 

40J 
40J 

Per  cent. 

37-89 
41-97 
56-21 

56-45 

Note. — The  author  thought  it  undesirable  to  consider  further  compressed  peat 
set  in  fossil  meal,  as  he  found  by  experiment  its  powers  of  absorption  of  moisture  to 
be  so  great  as  to  constitute  in  his  opinion  a  source  of  danger. 


Experiment  No.  2. 


Thickness 

of 
Insulating 
Material. 

1 

Original 

Weight 

of 

Ice. 

Weight  after 

Loss  after 
Ninety- 
six 
Hours. 

Twenty- 
four 
Hours 

Forty. 

eight 

Hours. 

Ninety- 
six 
Hours. 

Silicate  Cotton 
Sawdust 
Peat    . . 
Charcoal 

1 

Inches. 
6 

9 
9 

9 

1 

Ozs. 
104 

IO3J 
104 

104 

Ozs. 
88| 
86^ 

88i 

Ozs. 

7' 
56 
78J 

Uzs. 

Percent. 

43-75 

S2'62 

74-75 
41-82 

Silicate  Cotton 
Charcoal    . . 


Experiment  No.  3. 


Thickness 

of 
Insulating 
Material. 

Original 
Weight 

of 

Ice. 

Weight  after 

Loss  after 
Seventy- 
two 
Hours. 

Twenty- 
four 
Hours. 

Seventy- 
two 
Hours. 

Inches. 

9 
II 

Ozs. 
92 
92 

Ozs. 

83i 

82| 

Ozs. 

13 

Per  cent. 
21*19 

23-36 
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Experiment  No.  4. 


Weight  after 

> 

Thickness 
of 

Original 
Weight 

Loss  after 

Ninety- 

Insulating 

Twenty. 

Ninety- 

sis 

Material. 

Ice. 

four 

six 

Hours. 

Hours. 

Hours. 

Inches. 

Oxs. 

Ozs. 

Ozs. 

Per  cent. 

Silicate  Cotton 

(loosely  packed) 

9 

IIO 

103 

IS 

23-41 

Silicate  Cotton     . . 

9 

no 

lOIi 

26-59 

Charcoal    . . 

II 

no 

loa 

79 

28:18 

Vegetable  Silica  . . 

11 

no 

76| 

30-22 

Diatomite.. 

1 

II 

no 

99 

731 

32-95 

Results  of  Tests  to  Determine  the  Non-Conductive  Values 

OF  Various  Materials. 

(Dr,  Wm.  WaUace.) 


Cubic 

materials. 

Centimetres 
(grammes)  of 

Average  C.C.'s 
per  day. 

water  melted 

in  12  days. 

Silicate  Cotton           

9.470 

789 

Flake  Charcoal          

11,010 

917 

Felt 

11,760 

980 

Fossil  Meal 

12,530 

1,044 

Twig  Charcoal           

i3»59o 

1,132 

Plain  Cork  Slabs        

14,020 

1,168 

Tarred  Cork  Slabs 

14,610 

1,217 

Broken  Lump  Charcoal 

15.916 

1,326 

Ashes 

23.316 

1,943 

Coleman's  method  was  used  in  making  the  above  tests,  with  walls  6  in.  thick. 

Rate    of    Passage    of    Heat    Through    Various    Materials. 

{Alex.  Marcet.y 


British  Thermal  Units  per  hour  per  superficial  foot  through  materials 

6  in.  thick. 

T-  60*' 

1 

T  =  so** 

T  =  4o° 

1 
Dry.        Wet. 

I-I7       670 
I-I7  1     3-50 
1  76  1     4-40 

234  i     5-50 

3*57        — 
290        — 

1 

Dry. 

Wet. 

Dry. 

Wet. 

8-57 
530 
7-50 
9-60 

Silicate  Cotton     . 
C<»w  Hair  . . 
Charcoal    . . 
Sawdust    . . 
Infusorial  Earth  . 
Cork  Bricks 

1 
4*11 

.        4-n 
470 

.       6-75 
10-00 

587 

1405 

8-8o 

12-30 

15-60 

2 '34 
2-34 
2-93. 

6-i8 

320 

T  =  Difference  of  Temperature  (Fahr.)  on  the  two  sides  of  the  material. 
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Results    of    Tests   on    the    Heat    Conductivity    op 

Different   Substances. 

( Various  authoriiies,) 
(Silicate  Cotton  being  taken  at  loo.) 


- 

C.E. 

J.J.Cole- 

W. H. 

1 

Prof. 

substance. 

Emery, 

man, 

Collins, 

Jamieson 

x88:. 

1884. 

1891. 

1894. 

Siiicate  Cottonor  Slag  Wool      . . 

100 

100 

100 

100 

Hair- Felt  or  Fibrous  Composition 

— 

"7 

114 

112 

Papier-Mache        

147 

III 

Kieselguhr  Composition  . . 

— 

136 

112 

Sawdust 

122 

163 

142 

Charcoal 

132 

140 

-— 

Cotton  Wool         

122 

Sheep* s  Wool        

136 

— 

Pine  Wood  (across  the  grain)      , . 

ISO 

Loam          

._ 

— 

— 

Grasworks  Breeze  or  Coal  Ashes , . 

240 

230 

299 

— 

Asbestos 

229 

"-"• 

179 

^^ 

Table   giving   the    Relative    Heat    Conductivity    of   Various 

Boiler-Covering  Materials. 

(The  ^*  American  Engineer  J**) 


Silicate  Cotton  or  Mineral  Wool 

Hair  Felt   . . 

Cotton  Wool 

Sheep's  Wool 

Infusorial  Earth 

Charcoal    ... 

Sawdust     •  • 

Gasworks  Breeze 

Wood  and  air  space 


100 

117 
122 

136 
136 

140 

'63 
230 

280 
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Results    of    Experiments    Regarding    Non    Heat-Conducting 

Properties  of  Various  Substances. 

{Prof,  y.  M,  Ordway,) 


Poands  of  Water 

Coverings  x  inch  thick. 

heated  10°  F.  per 
hour  by  1  tq.  foot. 

.  I 

"  SiUcate  Cotton  "  or  *'  Slag  Wool  "     . . 

130 

2 

Paper            ..         

140 

*  J 

3 

Cork  Stnps,  bound  on 

14-6 

H 

4 

Straw  Rope,  wound  spirally 

i8-o 

«? 

Loose  Rice  Chaff    . . 

i8-:_ 

^    6 

Blotting  Paper,  wound  tight' 

21-0 

7 

Paste  of  Fossil  Meal  and  Hair 

167 

Loose  Bituminous  Coal  Ashes      . , 

2I*0 

Paste  of  Fossil  Meal  ^ith  Asbestos 

2i'0 

"Tj  10 
f  II 

Loose  Anthracite  Coal  Ashes 

27*0 

Paste  of  Clay  and  Vegetable  Fibre 

30-9 

12 

Dry  Plaster  of  Paris           

Asoestos  Paper,  wound  tight 

30*9 

13 

217 

14 

Air  alone 

480 

15 

Fine  Asbestos 

49-0 
62-1 

16 

Sand  . . 

N.B. — The  Asbestos  of  15  had  smooth  fibres,  which  could  not  prevent  the  air 
from  moving  about.  Later  trials  ^sith  an  Asbestos  of  exceedingly  fine  fibre  have 
made  a  somewhat  better  showing,  but  Asbestos  is  leally  one  of  the  poorest  non- 
conductors. By  reason  of  its  fibrous  character  it  may  be  used  advantageously  to  hold 
together  other  incombustible  substances,  but  the  less  the  better. 


NoN    Heat-Conducting    Properties   of  Various   Substances. 

(From  ^^  Engineering, ^^^ 


Prepared  Mixtures,  for  Covering  Boilers,  Pipes,  &c. 

Pounds  of  Water 

heated  io<»  Fahr. 

per  honr^  per 

square  foot. 

Slag  Wool  (Silicate  Cotton)  and  Hair  Paste 

Fossil  Meal  and  Hair  Paste 

Paper  Pulp  alone        

Asoestos  Fibre,  wrapped  tightly 

Fossil  Meal  and  Asbestos  Powder 

Coal  Ashes  and  Clay  Paste,  wrapped  with  Straw. . 
Clay,  Dung,  and  Vegetable  Fibre  Paste     . . 
Paper  Pulp,  Clay  and  Vegetable  Fibre 

lO-O  lbs. 
10-4    „ 

147    n 
17-9    ». 

2<>-3  ». 

299    »» 

39'6  „ 
44'6  t. 

•  These  substances  are  not  well  suited  for  covering  heated  surfaces— owing  to 
their  nature  they  soon  become  carbonised. 

t  Hard  substances  that,  with  the  action  of  the  heat,  break,  powder,  and  fall  off. 
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Results    of    Experiments    Regarding    Non    Heat-Conducting 

Properties    of    Various    Substances. 

{Walter  JoneK,  ''Heating  by  Hot  Water:*) 


Frame  PiPed  with 

Left  for 

Higbett  Temp. 
Registered. 

Leroy's  Boiler-covering  Composition  . . 

Asbestos  Powder           

Hair  Felt 

Silicate  Cotton 

3  hours 

4  » 
9      „ 
9      » 

94° 

76° 

The  quantity  of  heat  in  units,  transmitted  through  one  square  foot 
of  plate  per  hour,  may  be  found  thus :  Subtract  the  temperature  of  the 
cooler  side  from  that  of  the  hotter  side  of  the  plate,  then  multiply  the 
result  by  the  number  in  the  preceding  table  corresponding  to  the 
mat^al  used,  and  divide  the  product  by  the  thickness  of  plate. 
Thus  an  iron  plate  2  in.  thick,  having  a  temperature  of  60°  on  one  side 

20  X  230 
and  80°  on  the  other,  will  transmit  80  —  60  =  ;; =  2,300 

units  of  heat  per  square  foot  per  hour. 


2 


Heat-Conducting    Power    of    Various    Substances,    Slate 

being     1,000. 

(Molesworth,) 


Slate 

Lead 

Flagstone 

Portland  stone 

Brick 

Fire-brick 


.     1,000 

.    5,210 

.     1,110 

750 

600  to  730 

620 


Chalk 564 

Asphalte 451 

Oak 336 

Lath  and  plaster  .  255 

Cement 200 


Experiments  on  Heat  Conductivity  of  Slagwool  and  Charcoal. 

{T.  £.  Lightfoot,  M,  Inst.  C.E.,  G.  A.  Becks,  A.M.  Inst.  C.E.,  in  1885.) 

Experiment  No.  i. 

Began  11.30  a.m.,  2nd  June. 

Ended  11.30  a.m.,  4th  June. 

Duration  of  experiment,  48  hours. 

Average  temperature  of  room  or  chamber,  90°  F. 

A  piece  of  ice  23  lbs.  in  weight  was  placed  in  a  zinc  box  12  ins. 
cube,  and  covered  with  2  in.  silicate  cotton,  this  latter  being  provided 
with  an  outer  cover,  also  of  zinc. 
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When  the  ice  was  taken  out  it  weighed  10^  lbs.,  showing  a  loss 
of  i2ilbs. 

i2jlbs.  X  142  (latent  heat  of  ice)  =  1775  thermal  units  passed 
through  in  48  hours. 

48)  1775  (36'9  thermal  units  passed  through  in  i  hour. 

Difference  in  temperature  between  inner  box  and  outer  air  =  58°  F. 

-%-  =  0*63  thermal  units  transmitted  per  hour,  per  degree  differ- 
ence in  temperature. 

Area  of  zinc  boxes : — 

Inner  box       ...         ...         ...        6  sq.  ft. 

Outer  casing  ...         ...         ...    io*6  „     „ 

iYL  C  ttl  1...  ...  ...  ...         OX,,        ,, 

Thermal  units  transmitted  through  the  3  areas  = 

6)  '63  8-i)  -63  io*6)   -63 


•105  -07  -059 

which  being  multiplied  by  2  for  the  thickness  of  cotton,  gives  thermal 
units  per  hour,  per  degree  difference  in  temperature,  per  square  foot 
per  inch  of  thickness,  as  follows : — 

'210  inner  tin. 
•118  outer  tin. 
•14    mean  between  the  two. 

Experiment  No.  2. 

Began  11.30  a.m.,  2nd  June. 
Ended  11.30  a.m.,  4th  June. 
Duration,  48  hours. 
Average  temperature  of  room,  90°  F. 

A  piece  of  ice  26  lbs.  in  weight,  covered  with  6  in.  of  charcoal. 
When  taken  out  it  weighed  7  J  lbs.,  showing  a  loss  of  18 J-  lbs. 
18*5  X  142  =  2627  thermal  units  in  48  hours. 
^a^  =  54*72  thermal  units  per  hour. 

^Vf  *  =  '94  thermal  units  per  hour,  per  degree  difference  in  tem- 
perature between  inner  box  and  outer  air. 

Area  of  tins  : — 

Inner  box      ...         ...         ...  6  sq.  ft. 

Outer  casing ...         ...         ...        24  „     „ 

Mean  13*5  „     „ 
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The  number  of  thermal  units  transmitted  per  hour,  per  degree, 
per  square  foot= 

6)  '94  I3'5)J94_  24)  '94 

'1 5  .         069  -039 

which  being  multiplied  by  6  for  the  thickness  of  charcoal= 

•234  oTtertinlj^^™^^  "'^^^  transmitted  per  hour,  per 
4' 1 4  mean        I  ^^^^^^  P^^  s^-  "•»  P^""  '"^^  of  thickness. 

TABLE  ♦ 

Showing  Transmission  qf  Heat  through  various  insulating 

Structures  (Starr), 

Col.  I  gives  B.  T.  U.  per  Sq.  Ft.  per  Day  per  Deg.  of  Difference  of  Temperature. 
Coi.  II.  gives  Meltage  of  Ice  in  Pounds  per  Day  by  Heat  coming  through  100 
Sq.  Ft.  at  a  Difference  of  40". 

Col.  I.  Col.  II. 
f  in.  oak — paper,     i  in  lampblack,  }  in.  pine.    (This  is  the 

ordinary  small  stock  family  refrigerator)            . .         . .  5*7  1607 

One  }  in.  board,  i  in.  pitch,  one  }  in.  board  . .                    . .  4*90  138 

Four  i  in.  spruce  boards,  two  papers,  solid,  no  air  space  . .  4*28  120 
Two  double  boards  and  paper  (four  |  in.  boards),  and  one 

airspace 371  105 

One  i  in.  board,  2  in.  pitch,  one  )  in.  board            . .         . .  4*25  1 197 

One  I  in.  board,  2}  in.  mineral  wool,  paper,  one  i  in.  board  3*62  101 -9 

Two  i  in.  double  boards  and  two  papers,  i  in.  hair  felt     . .  3*318  93*4 
Two  }  in.  boards  and  paper,  i  in.  sheet  cork,  two  |  in.  boards 

and  paper     ..         ..         ..         ..         ..         ,.  3*30  92*9 

One  f  in.  board,  paper,  2  in.  calcined  pumice,  paper  and  |  in. 

board           3*38  95*2 

Four  double  }  in.  boards  with  paper  between  (eight  boards) 

and  three  8  in.  air  spaces 27  76 

Hair  quilt  insulator,  four  boards,  four  quilts,  hair     . .         . .  2*51  70*9 
One  7  in.  board,  6  in.  pat.  silicated   strawboard,  air  cell 

finished  inside  with  tnin  layer  pat.  cement                    . .  2*48  69*8 

One  J  in.  board,  paper,  3  in.  sheet  cork,  paper,  one  { in.  board  2 •  10  60 
Two  }  in.  boards  and  paper,  8  in.  mill  snavings  and  paper, 

two  }  in.  boards  and  paper           . .         . .         , .         . .  i'35  38*3 

Same  slightly  moist i*8o  507 

Same  damp         2- 10  & 

Double  boards  and  paper,  i  in.  air,  4  in.  sheet  cork,  paper, 

one  J  in.  board        ..         ..         ,.         ..         ..         ,,  i*20  33*6 

Same,  with  5  in.  sheet  cork      . .         . .         . .         . .         . .       -90  25*3 

J  in.  board,  paper,  i  in.  mineral  wool,  paper,  i  in.  board  ..  4*6  130 
Double  boards  and   papers,  4  in.  granulated  cork,  double 

boards  and  paper    . .         . .         17  48 

♦  "  Insulation  for  Cold  Storage."     Paper  read  before  the  Eleventh  Annual  Con- 
ention  of  the  American  Warehousemen's  Association  at  Buffalo,  N.Y.,  October, 
1901. 
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Waterproof   Coatings  for   Brick   Surfaces.* 

"During  the  summer  c^  1899  a  large  variety  of  paints,  oils,  var- 
nishes, cements,  and  so-called  waterproof  coatings  were  tested  for  a 
cold  storage  company  in  the  hope  of  finding  some  coating  that  would 
make  waterproof  and  air-proof  the  brick  walls  of  its  warehouses.  The 
tests  were  made  with  quarter  bricks  with  good,  fair  surfaces^  free  from 
large  holes>  and,  as  nearly  as  possible,  like  those  used  in  the  exterior 
walls.  Quarter  bricks  were  used  instead  of  whole  bricks,  so  that  sen- 
sitive balances  could  be  used  for  the  different  weighings*  All  weigh- 
ings were  made  to  within  one-thousandth  of  a  gram.  The  results  of 
the  more  satisfactory  tests  are  tabulated  below,  and  besides  these,  many 
other  tests  were  made,  but  these  other  tests  were  either  unsatisfactory 
or  the  materials  tested  of  no  value  for  the  desired  use.  The  quarter 
bricks  to  be  tested  were  immersed  in  water  of  a  temperature  of  about 
70%  the  brick  being  placed  on  its  side,  and  there  being  one  inch  of 
water  over  the  brick.     Weighings  were  made  as  follows : 

Of  the  brick  before  coating. 
Of  the  brick  after  coating. 

Of  the  brick  after  immersion        ...        24  hours. 

48      ,, 


72  „ 
.96  „ 
120 


>> 


"At  the  end  c^  each  twenty-four  hour  period  the  quarter  bricks 
were  taken  from  the  water,  the  outer  surfaces  carefully  dried  by  cloth 
and  blotting  paper,  and  then  the  bricks  were  immediately  weighed 
before  any  evaporation  could  take  place  from  the  pores  of  the  brick. 
This  was  repeated  in  most  of  the  tests  until  the  bricks  had  been  im-' 
mersed  for  a  period  of  120  hours.  After  this  continued  immersion  the 
bricks  were  taken  from  the  water  and  their  surfaces  examined  in  order 
to  see  what  change,  if  any,  had  taken  place  in  the  coating.  In  some 
cases  the  coating  had  softened,  in  some  shrivelled,  and  in  one  case  the 
coating,  naphtha  and  a  paraffin-like  substancef,  which  before  immersion 
was  evidently  well  into  the  pores  of  the  brick,  had  gradually  worked 
out  into  the  water. 

"  The  nature  of  the  substances  tested  varied  gready.  Some  were 
in  the  nature  of  paints  and  varnishes,  and  were  retained  mostiy  upon 
the  surfaces  of  the  bricks.  To  this  class  belonged  tiie  materials  used 
in  tests  marked  A,  B,  D,  G,  L,  O,  P  and  Q.     Other  substances  were 

•  Extract  from  paper  by  Mr.  Stoddard,  read  before  the  Eleventh  Annual  Conven- 
tion of  the  American  Warehousemen's  Association  at  Buffalo,  N.Y.,  October,  1901. 
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more  in  the  nature  of  a  paste  or  coating  applied  upon  the  surface  of 
the  bricks.  In  this  class  may  be  included  the  substances  used  in  tests 
marked  C,  I,  K,  N,  R,  S,  T  and  U.  Another  class  c^  substances  was 
supposed  to  soak  into  the  bricks,  and  by  filling  the  pores  exclude  mois- 
ture. To  this  class  belonged  the  substances  used  in  tests  E,  F  and  J. 
Other  coatings  consisted  of  two  substances,  wluch,  when  combined, 
were  supposed  to  form  an  insoluble  compound  or  compounds  which 
would  fill  up  the  pores  of  the  brick.  The  tests  of  this  class  are  marked 
H,  M  and  V. 

"  Some  substances  which  were  submitted  for  test  could  be  applied 
to  the  bricks  only  by  soaking,  and  so  were  not  available.  Some  bricks 
oflFered  for  test  were  soaked  full  of  the  so-called  waterproofing,  and  of 
course  would  not  absorb  water  or  anything  else  while  in  that  condition. 


Tests  of  Waterproofing  Brick. 


X 

Sample. 

2 

3 

4 

5 

XI 

IS 

Weight — Grams. 

Compared  to  Bare  Bnck. 

Bare  Brick. 

Coated 
Brick. 

Coating. 

Per  Cent. 
Increase. 

Per  Cent.  In- 
crease brCoat- 
ing  and  Water. 

Per  Cent. 

Increase  by 

Water. 

A 

630-32 

639-10 

8-78 

1*39 

1-63 

0-24 

B 

55671 

571-" 

14-40 

2-59 

3-ti 

0-q2 
0-89 

C 

578-43 

581-92 

3*49 

060 

I-I4 

D 

527-80 

537-70 

9-90 

1-88 

2.84 

0-97 

E 

616-10 

637-60 

21-50 

3*49 

5-61 

1-62 

F 

633-80 

706-87 

73*07 

11-53 

13-75 

2-23 

G 

584-40 

588-92 

4*52 

0-77 

3-23 

2-46 

H 

499-52 

551*00 

51-48 

10-31 

^yz^ 

3*07 

I 

504-12 

523*40 

19-28 

3*82 

6-93 

310 

J 

666-94 

670-07 

3*13 

0-47 

3.94 

3*47 

K 

607-29 

610-90 

3*61 

0-59 

4-19 

3*59 

L 

519*68 

527*34 

7*69 

1-48 

5-66 

4-18 

M 

65250 

692-99 

40-49 

6-21 

10-53 

4*33 

N 

510-20 

529-10 

18-90 

370 

8*35 

4-65 

O 

570*87 

586-20 

'm 

2-69 

7*71 

5-03 

P 

496*20 

503-00 

1-37 

7-16 

5*79 

Q 

502-87 

515-12 

12-25 

2-44 

8-85 

6*37 

R 

543*^ 

/  1-32 

S 

— 

602-20 

— 

Compared 

I  1*53 

T 

— 

606-31 

— 

to  coated 

\  1-68 

U 

581-16 

brick. 

/  2-69 

V 

w 

X 
Y 

Bare  Brick 

— 

621-85 

1 

— 

\5*i7 

— 

489-04 

1 

1 

— 

8-6S 
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as  the  pores  of  the  brick  were  already  filled.  Many  resins^  gums,  and 
oils,  were  tested,  but  they  were  of  no  practical  use. 

"  Pitch,  asphaltum,  etc.,  were  objectionable,  because  of  their  odour 
and  colour.  The  results  of  the  tests  giving  the  most  favourable  results 
are  shown  in  the  preceding  and  following  tables. 

"  In  regard  to  the  result  of  the  tests  it  is  worthy  of  remark  that  some 
of  the  substances  that  have  been  considered  as  among  the  best 
waterproof  materials  proved  to  be  either  of  little  value  or  very  inferior 
to  some  of  the  other  substances. 


Tests  of  Waterproofing  Brick. 


Sample. 

6 

7 

8 

9 

xo 

Increased  Weight  by  Absorption  of  Water. 

24  Hours. 

48  Hours. 

7a  Hours. 

96  Hours. 

Z20  Hours. 

A 

0*30 

I-IO 

_ 

1*50 

B 

1-39 

— 

2-i6 

2-49 

2-89 

C 

1-15 

2-18 

3'?5 

3'49 

5-13 

D 

i-oo 

— 

2-88 

4-00      1        5-10          1 

E 

2*10 

5*55 

"'i5 

— 

9-97 

F 

475 

12  13 

12-83 

— 

>4-i3 

G 

4-88 

7-4« 

9-68 

11-43             14-38 

H 

7-30 

9-70 

11-30 

13-30      ;       15-32 

I 

3*73 

6*33 

12-12       1       15-63 

J 

20'33 

21-13 

21-63 

23-13       1        — 

K 

7-00 

8-6o 

9-30 

— 

21*83 

L 

373 

578 

— 

1268 

21*72 

M 

2478 

"^^ 

27-16 

— 

28*24 

N 

2310 

— 

2v8o 

— 

23*72 

O 

26-98 

28-00 

28-00 

—          I      23-70 

P 

24-«5 

28-75 

28-71 

28-72 

Q 

29-08 

36-70 

31*28 

3203 

R 

372 

5-00 

6-15 

7-iS 

— 

S 

3-10 

5-55 

7*35 

9-20 

m 

T 

2-35 

4-69 

8-07 

10*21 

U 

6-46 

9-69 

12-69 

15-64 

— 

V 

21-15 

29-60 

31-02 

— 

32-15 

w 

X 

~^ 

— 

~^~ 

^~ 

Y 
Bare  Brick 

21*26 

— 

39-69 

39-69 

4243 
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TiSTS  OF   WATERPKOOFrNG   BHICK. 


! 

i  i 

1 
3 

f\ 

1 

i 

A      630-32 '6J9-IO 

8t8!    1-39     o-JO 

l-W,     1-63      024 

B     ,SS6-7'   S7'-" 
C    i5:8'43.58'-92 

14-401    2-S9      139 

249 

ih     3-1' 

%«, 

2-18     3-2S 

3-49 

4-00 

5-10  ■    2-84 

ii-jo     3-49     2-10 

5'5S     7-15 

9-99     s-ii 

F     !  613-80    ;o6-8r 
G     :  S84-40 1  SSS-ga 

:J-07    11-53     4-75 
4-SJ     077     4-88 

7-48     9-68 

'■■41 

Wn    '375 
■4'38     3-23 

I'i 

H      499-52    551-00 

51-48    lo-ji      7-30 

9-70   [1-30 

13-10 

'5'32    13-36 
■5-63     6-93 

<-07 

I       soj-[2    523-40 
J       666<,4  .  670-07 
K      607'2y   610-90 

<>-m  - 

riu 

3-13,    0-47    20-33 

~       J '94 

3-61     0-59     7-00 

8-6o     9-30 

21-83     4- '9 

rw 

L      S'9-6K   5^7-34 
M    '65250   692-99 

7-6.)      1-48     3-76 

28-24    '<>'i3 

N      510-20   529-10 

i8-90;    3-70   23-10 

23-72     8-35 

0     1 570-87    S86.20 

'is;  ;:s  f,fi 

28-00   28-00 

5-01 

P      496-10 ,  503'00 

-      ^8-7J 

28-72      7-16 

vit 

«r"?i:s 

:2-2s 

3-44.J9-oa 

30-70  iyzi 

32-03     8-85 

6-17 

S-00     6-15 

SSS|   7-35 
4-691    8-07 

U     ,      —     I581-16 
V     1      —      621-85 

-    1   «-4« 

9-69  ,  12-69 

IV64 

—    1    —    •2-69 

29-60   31-02 

32-15;    —    •5-"7 

X          —          — 

— 

-    1    - 

-        — 

- 

_        _   ,   _ 

Bare 

Brick      4S9-04 

- 

—     ,  21-26 

—      39-<^» 

39-fc9 

42 '43       - 

■8-68 

Kev  to  Tbsts  of  Water pROoriNQ  Brick. 

A. — Bay  State  Air  aotl  Waterprootinj;        ,.         ..         ..         ..  3  coats. 

B.— Red  Mineral  Paint,  Ground  in  Oil       2  coats. 

C— Spar  Varnish  with  Plaster  of  Paris 2  coats. 

D. — Spar  Varnish        2  coats. 

E.— New  York  Sample,  No.  2  Soaked, 

F. — New  York  Sample,  No.  I  Soaked. 

G.— Shellac I  coal. 

H. — Portland  Cemenl,  i  coat. 

Soap  and  Almn,  ]  coals  4  coats. 
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I. — White  Enamel  Paint        3  coats. 

J. — ^Paraffin  in  Naphtha  3  coats» 

K. — Hot  Paraffin         . .         . ,         . .         . .         . .         . .         . .     3  coats. 

L. — ^Water  Paint  3  coats. 

M. — Portland  Cement  mixed  with  Ca  C12,  i  coat. 

Water  Glass,  3  coats 4  coats. 

N.— Portland  Cement 2  coats. 

O.— Black  Varnish,  No.  2 3  coats. 

P. — Spar  Varnish         i  coat. 

Q. — Black  Varnish,  No.  i 3  coats. 

R. — Waterproofing,  No.  i. 

(A  putty-like  substance  applied  to  surface  of  brick.) 
S. — Waterproofing  No.  4.     Similar  to  "  R." 
T.  -Waterproofing  No.  3.     Similar  to  "  R." 
U.— Waterproofing  No.  2.     Similar  to  "  R." 
V. — Bi-chromate  Potash  and  Glue-*- exposed  to  sunlight. 
Bare  Brick         No  coating. 

"  The  Sylvester  process,  H,  soap  and  alum,  proved  to  be  of  little 
valu^  even  when  applied  to  a  surface  made  as  smooth  as  possible  with 
Portland  cement.  This  process  was  also  tried  without  the  cement,  but 
was  even  less  effective.  Hot  paraffin  has  often  been  used  to  water- 
proof walls;  but,  under  the  conditions  of  these  tests,  it  proved  to  be 
very  far  from  waterproof.  Portland  cement  is  another  substance  which 
did  not  prove  to  be  as  good  as  its  reputation." 


Walls  for  Cold  Stores. 

The  following  materials  and  dimensions  have  been  used  and  are 
recommended  for  walls  of  cold  chambers : — 

Walls  at  the  St.  Katherine's  Dock,  London,  were  formed  of  up- 
rights, sK  "^-  ^y  3  *"•'  fixfi^^  upon  the  floor  joists  or  bearers,  and 
having  an  outer  and  an  inner  skin  attached  thereto ;  the  former  consist- 
ing of  2  in.  boards,  and  the  latter  of  two  thicknesses  or  layers  of  i  J^  in. 
boards,  with  an  intermediate  layer  oi  specially-prepared  brown  paper. 
Thei  5^  in.  clearance  or  space  between  the  inner  and  outer  skins  of 
the  walls  and  roof  was  likewise  filled  with  wood-charcoal,  carefully 
dried. 

14  in.  brick  wall,  3^  in.  air  space,  9  in.  brick  wall,  i  in.  layer  of 
cement,  i  in.  layer  of  pitch,  2  in.  by  3  in.  studding,  layer  of  tar  paper, 
I  in.  tongued  and  grooved  boarding,  2  in.  by  4  in.  studding,  i  in.  tongued 
and  grooved  board,  layer  of  tar  paper,  and,  flnaHy,  i  in.  tongued  and 
grooved  boarding,  the  total  thickness  of  these  layers  or  skins  being 
3  ft.  3  in. 

36  in.  brick  wall,  i  in.  layer  of  pitch,  i  in.  sheathing,  4  in.  air 
space,  2  in.  by  4  in.  studding,  i  in.  sheathing,  3  in.  layer  of  mineral 
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or  slag  wool,  2  in.  by  4  in.  studding,  and,  finally,  i  in.  sheathing; 
total  thickness,  4  ft.  7  in. 

14  in.  brick  wall,  4  in.  pitch  and  ashes,  4  in.  brick  wall,  4  in.  air 
space,  14  in.  brick  wall;  total  thickness,  3  ft.  4  in. 

14  in.  brick  wall,  6  in.  air  space,  double  thickness  of  i  in.  tongued 
and  grooved  boards,  with  a  layer  of  waterproof  paper  between  them, 
2  in.  layer  of  the  best  quality  hair  felt,  second  double  thickness  of  i  in. 
tongued  and  grooved  boards,  with  a  similar  layer  of  paper  between 
them;  total  thickness,  2  ft.  2  in. 

14  in.  brick  wall,  8  in.  layer  of  sawdust,  double  thickness  of  i  in. 
tongued  and  grooved  boards,  with  a  layer  of  tarred  waterproof  paper 
between  them,  2  in.  layer  of  hair  felt,  second  double  thickness  of  i  in. 
tongued  and  grooved  boards,  with  a  similar  layer  of  paper  between 
them;  total  thickness,  2  ft.  4J4  in. 

Brick  wall,  3  in.  scratched  hollow  tiles,  4  in.  silicate  cotton  or  slag- 
wool,  3  in.  scratched  hollow  tiles,  and  layer  of  cement  plaster. 

Brick  wall,  i  in.  air  spaces  between  fillets  of  strips,  i  in.  tongued 
and  grooved  boarding,  2  layers  of  insulating  paper,  i  in.  tongued  and 
grooved  boarding,  2  in.  by  4  in.  studs,  i6  in.  apart,  spaces 
filled  in  with  silicate  cotton,  i  in.  tongued  and  grooved  boarding,  2 
layers  of  insulating  paper,  air  spaces  between  fillets,  or  strips  i  in. 
by  2  in.  spaced  16  in.  apart  from  centres,  i  in.  tongued  and  grooved 
boarding,  2  layers  of  insulating  paper,  and  i  in.  tongued  and  grooved 
boarding. 

Brick  or  stone  wall,  well  coated  on  inside  with  pitch  or  asphaltum, 

2  in.  by  3  in.  studding,  24  in.  centres,  spaces  between  filled  in  with 
silicate  cotton,  ^  in.  rough  tongued  and  grooved  boarding,  2  layers 
waterproof  insulating  paper,  ^  in,  rough  tcmgued  and  grooved  board- 
ing, 2  in.  by  3  in.  studding,  24  in.  centres,  in  spaces  between,  ^  in. 
rough  tongued  and  grooved  boarding,  2  layers  of  waterproof  insulating 
paper,  ^  in.  rough  tongued  and  grooved  boarding,  2  in.  by  3  in. 
studding,  24  in.  centres  spaces  between  filled  in  with  silicate  cotton, 
^.  in.  rough  tongued  and  grooved  boarding,  2  layers  of  waterproof 
insulating  paper,  and  %  in.  tongued  and  grooved  match-boarding. 
Paper  to  be  laid  one-half  lap  and  cemented  at  all  joints. 

Brick  wall,  2  in.  air  space,  2  in.  thicknesses  of  tongued  and  grooved 
boards  with  3  layers  of  paper  between,  2  in.  air  space,  2  in.  thicknesses 
of  tongued  and  grooved  boards  with  3  layers  of  paper  between,  2  in. 
air  space  and  2  in.  thicknesses  of  tongued  and  grooved  boards  with 

3  layers  of  paper  between. 

Brick  wall,  well  coated  with  pitch,  2  in.  air  space,  2  in.  thicknesses 
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of  tongued  and  grooved  boards  with  3  layers  of  paper  between^  2  in. 
space  filled  with  slag-wool  or  cork,  2  in.  thicknesses  of  tongued  and 
grooved  boards,  with  3  layers  of  paper  between^  2  in.  space 
filled  with  slag  wool  or  cork,  2  in.  thicknesses  of  tongued  and 
grooved  boards,  with  3  layers  of  paper  between.  Shelving  should  be 
fixed  horizontally  in  the  spaces  packed  with  slag  wool  or  cork  at 
about  16  in.  apart. 

Brick  wall,  i  in.  air  space,  ^  in.  match-boarding,  9  in.  slag  wool  or 
silicate  cotton,  layer  of  insulating  paper  and  %  in.  match-boarding. 

Brick  wall,  i  in.  air  space,  6  in.  slag  wool  or  siHcate  cotton,  i  in. 
silicate  of  cotton  slab,  layer  of  insulating  paper,  ^  in.  air  space,  and 
^  in.  match-boarding. 

Brick  wall,  i  in.  air  space,  i  in.  silicate  of  cotton  slab,  4  in.  silicate 
of  cottCHi,  I  in.  silicate  of  cotton  slab,  Y^  in.  air  space,  and  ^  in. 
match-boarding. 

Brick  wall,  well  coated  with  pitch,  2  in.  air  space,  ^  in.  tongued 
and  grooved  boarding,  2  layers  of  paper,  J^  in.  tongued  and  grooved 
boarding,  4  in.  slag  wool  or  silicate  cotton,  ^  in.  tongued  and  grooved 
boarding,  2  layers  of  paper,  ^  in.  tongued  and  grooved  boarding,  2  in. 
air  space,  ^  in.  tongued  and  grooved  boarding,  2  layers  of  paper,  and 
^  in.  tongued  and  grooved  boarding. 

Brick  wall,  2  in.  air  space,  J^  in.  tongued  and  grooved  boarding, 
2  layers  of  paper,  ^  in.  tongued  and  grooved  boarding,  2  in.  air  space, 
^  in.  tongued  and  grooved  boarding,  2  layers  of  paper,  and  ^  in. 
tongued  and  grooved  boarding. 

Brick  wall,  2  in.  air  space,  ^  in.  tongued  and  grooved  boardmg, 

1  layer  of  paper,  4  in.  slag  wool  or  silicate  cotton,  J^  in.  tongued  and 
grooved  boarding,  i  layer  of  paper,  4  in.  air  space,  ^  in.  tongued 
and  grooved  boarding,  2  layers  of  paper,  and  ^  in.  tongued  and 
grooved  boarding. 

Brick  wall,  layer  of  pitch,  ^  in.  tongued  and  grooved  boarding, 

2  in.  air  space,  ^  in.  tongued  and  grooved  boarding,  i  layer  of  paper, 

3  in.  cork  dust,  ^  in.  tongued  and  grooved  boarding,  2  layers  of 
paper,  and  ^  in.  tongued  and  grooved  boarding. 

Brick  wall,  2j4  in.  air  space  ventilated  by  air  bricks  every  five  feet 
in  all  directions,  i  in.  tongued  and  grooved  boarding,  layer  of  Willesden 
and  brown  paper,  i  in.  tongued  and  grooved  boarding,  12  in.  charcoal 
supported  by  horizontal  shelving  28  in.  centres  apart,  i  in.  tongued 
and  grooved  boarding,  2  thicknesses  of  brown  paper,  and  i  in.  tongued 
and  grooved  boarding. 

Wall  of  cold  storage  room  when  made  of  wood :  2  in.  thicknesses 
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of  tongued  and  grooved  boarding  with  3  layers  of  paper  between,  2  in. 
air  space,  2  in«  thicknesses  of  tongued  and  grooved  boarding  with  3 
layers  of  paper  between,  2  in.  air  space,  2  in.  thicknesses  of  tongued 
and  grooved  boarding  with  3  layers  of  paper  between,  2  in.  air  space, 
2  in.  thicknesses  of  tongued  and  grooved  boarding  with  3  lay^is  of 
paper  between,  8  in.  slag  wool  or  silicate  cotton,  and  i  in.  tongued 
and  grooved  boarding. 

2  in.  boards,  5  J4  in.  by  3  in.  uprights,  spaces  between  fiUed  with 
carefully  dried  wood  charcoal,  1%  in.  boarding,  layer  of  insulating 
paper,  and  1%  in.  boarding. 

Outside  siding,  2  layers  of  insulating  paper,   i  in.  tcmgued  and 
9  grooved  boarding,  2  in.  by  6  in.  studdings>  16  in.  apart  from  centres, 

1  in.  tongued  and  grooved  boarding,  2  layers  of  insulating  paper,  i  in. 
tongued  and  grooved  boarding,  2  in.  by  4  iiL  studding  16  in.  apart  from 
centres,  spaces  filled  in  with  silicate  cotton,  i  in.  tongued  and  grooved 
boarding,  2  layers  of  insulating  paper,  2  in.  by  2  in.  fillets  or  strips  16 
in.  apart  from  centres,  i  in,  tcwigued  and  grooved  boarding,  2  layers 
of  insulating  paper,  and  i  in.  tongued  and  grooved  boarding. 

Divisional  Partitions  for  Cold  Stores. 

Tongued  and  grooved  match-boarding,  wire  netting,  6  in.  silicate 
of  cotton  or  slag  wool,  wire  netting,  tongued  and  grooved  match- 
boarding.  The  object  of  the  netting  is  to  render  the  partition  fire- 
proof by  supporting  the  silicate  of  cotton  after  the  match-boarding 
might  have  burnt  away. 

}^  in.  match-boarding,  J4  in.  air  space,  i  in.  silicate  cotton  slab, 
4  in.  of  silicate  of  cotton  or  slag  wool,  i  in.  silicate  of  cotton  slab, 
y^  in.  air  space,  and  i  in.  silicate  of  cotton  slab. 

2  in.  tongued  and  grooved  boarding  with  3  layers  of  paper  between, 

2  in.  silicate  of  cotton  or  cork,  2  in.  tongued  and  grooved  boarding 
with  3  layers  of  paper  between,  2  in.  silicate  of  cotton  or  cork,  2  in. 
tongued  and  grooved  boarding  with  3  layers  of  paper  betweai. 

J/i  in.  tongued  and  grooved  boarding,  2  layers  of  paper,  J6  in. 
tongued  and  grooved  boarding,  4  in.  silicate  cotton  or  slag  wool,  ^  in. 
tongued  and  grooved  boarding,  2  in.  air  space,  ^  in.  tongued  and 
grooved  boarding,  2  layers  of  paper,  and  ^  in.  tongued  and  grooved 
boarding. 

^  in.  tongued  and  grooved  boarding,  2  layers  of  paper,  ^  in. 
tongued  and  grooved  boarding,  6  in.  silicate  of  cotton  or  slag  wool, 
^  in.  tongued  and  grooved  boarding,  2  layers  of  paper,  ^  in.  tongued 
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and  grooved  boarding,  2  in.  air  space,  ^   in.  tongued  and  grooved 
boarding,  2  layers  of  paper,  and  %  in.  tongued  and  grooved  boarding. 

1^  in.  tongued  and  grooved  boarding,  2  in.  silicate  cotton  or  slag 
wool,  J^  in.  tongued  and  grooved  boarding,  2  in.  air  space,  ^  in. 
tongued  and  grooved  boarding,  2  layers  of  paper,  and  ^/^  in.  tongued 
and  grooved  boarding. 

^  in.  tongued  and  grooved  boarding,  2  layers  of  paper,  ^  in. 
tongued  and  grooved  boarding,  2  in.  air  space,  ^  in.  tongued  and 
grooved  boarding,  2  layers  of  paper,  and  ^  in.  tongued  and  grooved 
boarding. 

^  in.  tongued  and  grooved  boarding,  2  layers  of  paper,  ^  in. 
tongued  and  grooved  boarding,  8  in.  silicate  cotton  or  slag  wool,  ^  in. 
tongued  and  grooved  boarding,  2  layers  of  paper,  and  J^  in.  tongued 
and  grooved  boarding. 

5^  in.  tongued  and  grooved  boarding,  2  layers  of  paper,  ^  in. 
tongued  and  grooved  boarding,  4  in.  silicate  cotton  or  slag  wool,  J^  in. 
tongued  and  grooved  boarding,  2  layers  of  paper,  and  J^  in.  tongued 
and  grooved  boarding. 

^  in.  tongued  and  grooved  boarding,  2  layers  of  paper,  J^  in. 
tongued  and  grooved  boarding,  2  in.  hair  felt,  ^  in.  tongued  and 
grooved  boarding,  2  in.  silicate  cotton  or  slag  wool,  ^  in.  tongued 
and  grooved  boarding,  2  layers  of  paper,  and  ^  in.  tongued  and 
grooved  boarding. 

Flooring  for  Cold  Stores. 

2  in.  flooring,  2  layers  of  paper,  J^  in.  tongued  and  grooved  board- 
ing, 2  in.  air  space  between  fillets  or  scantlings,  ^  in.  tongued  and 
grooved  boarding,  12  in.  joists,  spaces  between  packed  with  silicate 
cotton  or  slag  Vool,  ^  in.  tongued  and  grooved  boarding,  2  layers  of 
paper,  ^  in.  tongued  and  grooved  boarding,  2  in.  air  space  between 
fillets  or  scantlings,  ^  in.  tongued  and  grooved  boarding,  2  layers  of 
paper,  and  J^  in.  tongued  and  grooved  boarding. 

2  in.  cement,  3  in.  concrete,  ^  in.  tongued  and  grooved  boarding, 
2  layers  of  paper,  2  in.  flooring,  4  in.  silicate  cotton  between  fillets 
or  scantlings,  ^  in.  tongued  and  grooved  boarding,  2  layers  of  paper, 
2  in.  flooring  boards  on  fillets  or  scantlings  set  in  concrete. 

2  in.  asphalte,  %  in.  tongued  and  grooved  boarding,  2  layers  of 
paper,  J^  in.  tongued  and  grooved  boarding,  2  in.  air  space  between 
scantlings,  ^^  in.  tongued  and  grooved  boarding,  3  in.  silicate  cotton  of 
slag  wool  between  fillets  or  scantlings,  ^  in.  tongued  and  grooved 
boarding,  2  in.  air  space  between  fillets  or  scantlings,  concrete. 

Y 
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I  in.  asphalte,  2  in.  concrete,  %  in.  pitch,  2  in.  concrete,  brick 
arches. 

ij^  in.  tongued  and  grooved  flooring  boards,  layer  of  insulating 
paper,  2  in.  by  9  in.  joists  12  in.  centres  apart,  spaces  filled  with  sili- 
cate cotton  or  slag  wool,  wire  netting,  layer  of  insulating  paper,  ^  in. 
match-boarding  on  2  in.  by  2  in.  fillets  or  scantlings,  air  spaces  between 
existing  wooden  or  concrete  flooring.  The  wire  netting  secured  to  the 
underside  of  the  joists  serves  to  retain  the  silicate  cotton  in  case  of  fire. 

1  in.  tongued  and  grooved  boarding,  3  layers  of  insulating  paper, 

1  in.  tongued  and  grooved  boarding,  2  in.  by  9  in.  joists,  spaces 
between  filled  with  silicate  cotton  or  cork,  i  in.  tongued  and  grooved 
boarding,  3  layers  of  insulating  paper,  and  i  in.  tongued  and  grooved 
boarding. 

I J^  in.  tongued  and  grooved  flooring  boards,  layer  of  insulating  paper, 

2  in.  by  9  in,  joists,  12  in.  centres  apart,  spaces  between  filled  in  with 
silicate  cotton  or  slag  wool,  i  in.  silicate  cotton  slab  on  J4  in.  by  2  in. 
fillets,  air  spaces  between,  and  %  in.  match-boarding.  The  i  in.  sili- 
cate of  cotton  slab  is  nailed  on  the  underside  of  joists  and  is  claimed 
to  render  the  floor  fire-proof,  and  to  prevent  radiation  through  the 
joists. 

2  in.  matched  flooring,  2  layers  of  insulating  paper,  i  in.  matched 
sheathing,  4  in.  by  4  in.  sleepers  16  in.  apart  from  centres,  spaces 
between  filled  in  with  silicate  cotton,  double  i  in.  matched  sheathing 
with  12  layers  of  paper  between,  and  4  in.  by  4  in.  sleepers  16  in. 
apart  from  centres  imbedded  in  12  in.  of  dry  underfilling. 

Ground,  concrete,  layer  of  asphalte,  i  in.  tongued  and  grooved 
match-boarding  well  tarred,  2  layers  of  stout  brown  paper,  i  in.  tongued 
and  grooved  match-boarding,  floor  joists  3  in.  by  1 1  in.  spaced  2 1  in. 
•apart,  binder  joists  11  in.  by  4  in.,  bearing  edges  of  fl(5or  joists  pro- 
tected by  strips  of  hair  felt  %  in.  thick  and  spaces  between  joists 
filled  in  with  flake  charcoal,  and  i  %  in.  tongued  and  grooved  flooring 
boards. 

The  floors  of  the  cold  storage  chambers  built  at  the  St.  Katherine 
Dock,  London,  were  constructed  as  follows : — On  the  concrete 
floor  of  the  vault,  as  it  stood  originally,  a  covering  of 
rough  boards  i  %  in.  in  thickness  were  laid  longitudinally.  On  this 
layer  of  boards  were  then  placed  transversely,  bearers  formed  of 
joists  4j4  in.  in  depth  by  3  in.  in  width,  and  spaced  21  in.  apart. 
These  bearers  supported  the  floors  of  the  storage  chamber,  which  con- 
sisted of  2j'2  in.  battens  tongued  and  grooved.  The  ^%  in.  wide  space 
or  clearance  between  this  floor  and  the  layer  or  covering  of  rough 
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boards  upon  the  lower  concrete  floor  was  filled  with  well-dried  wood- 
charcoal. 

Flooring  for  Ice  Houses. 

Floor  to  incline  3  in.  towards  central  drain,  and  cross  channelled 
fillets  or  scantlings  on  1%  in.  flooring,  2  in.  cement,  6  in.  concrete, 
ground. 

I  in.  tongued  and  grooved  match-boarding,  3  layers  of  paper,  i  in. 
tongued  and  grooved  match-boarding  (to  incline  3  in.  towards  central 
drain)  on  fillets  or  scantlings,  air  spaces  between,  i  in.  tongued  and 
grooved  match-boarding,  3  layers  of  paper,  i  in.  tongued  and  grooved 
match-boarding,  2  in.  by  9  in.  joists,  spaces  between  filled  with  4  in. 
silicate  of  cotton  or  slag  wool  kept  in  position  by  %  in.  boards  secured 
by  cleats  to  joists. 

Ceilings  for  Cold  Stores  and  Ice  Houses. 

I  in.  tongued  and  grooved  match-boarding,  3  layers  of  insulating 
paper,  i  in.  tongued  and  grooved  match-boarding,  2  in.  air  spaces 
between  strips  or  fillets,  i  in.  tongued  and  grooved  boarding,  3  layers  of 
insulating  paper,  i  in.  tongued  and  grooved  boarding,  joists,  spaces 
between  filled  with  silicate  cotton  or  cork,  i  in.  tongued  and  grooved 
match-boarding,  3  layers  of  insulating  paper,  and  i  in.  tongued  and 
grooved  match-boarding. 

Insulated  flooring,  joists,  %  in.  tongued  and  grooved  match-board- 
ing, 2  layers  of  insulating  paper,  ^  in.  tongued  and  grooved  match- 
boarding,  2  in.  spaces  between  strips  or  fillets  filled  in  with  silicate 
cotton  or  cork,  ^  in.  tongued  and  grooved  match-boarding,  3  layers 
of  insulating  paper,  and  "/^  in.  tongued  and  grooved  match-board- 
ing. 

I  in.  tongued  and  grooved  boarding,  2  thicknesses  of  brown  paper, 
I  in.  tongued  and  grooved  boarding,  joists  with  spaces  between  packed 
with  silicate  cotton,  i  in.  tongued  and  grooved  boarding,  Willesden  and 
brown  paper,  i  in.  tongued  and  grooved  boarding. 

Concrete  floor,  3  in.  book  tiles,  6  in.  dry  underfilling,  double  space 
hollow  tile  arches  and  layer  of  cement  plaster. 

Double  I  in.  floor  with  2  layers  of  insulating  paper  between,  2  in. 
by  2  in.  strips  or  fillets  16  in.  apart  from  centres,  spaces  filled  in  with 
silicate  cotton,  2  layers  of  insulating  paper,  i  in.  tongued  and  grooved 
match-boarding,  2  in.  by  2  in.  strips  16  in.  apart,  spaces  filled  in  with 
silicate  cotton,  2  layers  of  insulating  paper,  i  in.  tongued  and  grooved 
match-boarding,  joists  and  double  1  in.  flooring  with  2  layers  of  in- 
sulating paper  between. 
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DooK  Insulation. 
A  weak  point  in  most  cold-storage  roums  is  the  door;  these  are 
usually  constructed  on  the  wedge  principle,  and  two  simple  forms  are 
shown  in  Iwigitudinal  and  cross  section  in  Figs.  203,  204,  208, 
and  209.  Even  when  properly  designed  and  carefully  made  from  the 
best,  well-seasoned  timber,  the  doors  of  cold-storage  rooms  are  very  apt 
to  give  trouble  on  account  of  the  extreme  temperatures  to  which  they 
are  subjected  and  from  the  absorption  of  moisture  from  the  ajr.  As 
there  can  be  no  doubt  that  considerable  loss  is  experienced 
through     badly-made     and     poorly- fitting     doors,     too     much     care 


Fig.  194. — Door  ri)r  Cold  Slorc,  wilh  Taylor's  Patent  Fillings. 

cannot  be  expended  in  securing  the  best  possible  workman- 
ship and  efficient  and  easily  manipulated  fittings.  Fig.  194 
shi)ws  a  type  of  door  fitted  with  Taylor's  patent  door-fittings, 
of  which  Mr.  John  Straiton,  Liverpool,  is  the  sole  maker.  A  door  much 
used  in  America  is  Stevens"  patent,  which  is  made  up  of  5  thicknesses 
of  insulated  and  water-proofed  paper,  J^  in.  prepared  mineral  or  slag 
wool,  3  air  spaces,  and  4  thicknesses  of  wood.  Amongst  the  advaji- 
tages  claimed  for  this  type  of  door  is  that  it  will  not  frost  through 
ivith  zero  temperature.  A  canvas  cushion  on  the  bottom  prevents  the 
cold  air  from  escaping  at  that  point.  The  door  will  not  stick.  It 
closes  quite  tight  on  the  hinge  edge.     The  fastening  is  of  a  special 
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[Kittern  and  is  for  both  edges  of  the  door.     It  is  claimed  to  shut  as 
tight  as  a  cross-bar  would  if  it  were  wedged  up,  and  can  be  opened 
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ther  from  Ihe  exlfrior  nr  inlerior.     A  special  fi>rm  r>f  donr,  ilesi;;nei.l 
I-  the  author  for  use  in  hotels,  or  elsewhere,  where  the  cold-storage 
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room  or  chamber  has  to  be  frequently  entered,  has  been  tlescribed  in 
a  previous  chapter.     Other  insulations  for  doors  are : 

1  in.  tongiied  and  grooved  matrh-boarding,  3  layers  of  insulating 
paper,  i  in.  tongued  and  grooved  match-boarding,  2  in.  by  1  in.  fillets 
or  strips  with  spaces  between  filled  in  with  silicate  cotton  or  cork,  i  in. 
tongued  and  grooved  match-boarding,  3  layers  of  insulating  paper,  r  in. 
tongued  and  grooved  match -boarding,  2  in.  by  i  in.  fillets  or  strips, 
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spaces  between  filled  in  with  silicate  cotton  or  cork,  i  in.  tongued  and 
grooved  match -boarding,  3  layers  of  insulating  paper,  and  r  in.  tongued 
and  grooved  match-boarding. 

I  in.  tongued  and  grooved  match-boarding,  2  layers  of  insulating 
paper,  i  in.  tongued  and  grooved  match-boarding,  12  in.  space  fill«l 
in  with  silicate  cotton,  1  in.  tongued  and  gro()ved  match-boarding,  2 
layers  of  insulating  paper,  and  i  in.  tnngueiJ  aii<l  gronveil  match- 
boarding. 
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Window    Insulation. 

Windows  are  better  dispensed  with  in  cold  stores  and  artificial  light 
resorted  to;  where  present,  three  sashes  spaced  a  few  inches  apart  and 
glazed  at  both  sides  should  be  used. 


Tank    Insulation. 

Tank  sides:  4  in.  air  space  between  studding,  i  in.  tongued  and 
grooved  match-boarding,  3  layers  of  insulating  paper,  i  in.  tongued 
and  grooved  match-boarding,  4  in.  space  filled  with  cork,  i  in. 
tongued  and  grooved  match-boarding,  3  layers  of  insulating  paper,  i  in. 
tongued  and  grooved  matchboarding,  2  in.  air  space,  i  in. 
tongued  and  grooved  match-boarding,  3  layers  of  insulating 
paper,  and  i  in.  tongued  and  grooved  match-boarding.  Bottom,  i  in. 
space  between  strips,  fillets  or  studding,  well  tarred  b^ore  tank  is 
placed  in  position,  i  in.  tongued  and  grooved  match-boarding,  3  layers 
of  insulating  paper,  i  in.  tongued  and  grooved  match-boarding,  i  in. 
air  space  between  strips,  fillets  or  studding,  i  in.  tongued  and  grooved 
match-boarding,  3  layers  of  insulating  paper,  i  in.  tongued  and  grooved 
match-boarding,  2  in.  by  9  in.  joists,  spaces  between  filled  with  cinders. 

Tank,  2  in.  air  space  between  fillets,  ^  in.  tongued  and  grooved 
match-boarding,  2  layers  of  insulating  paper,  J^  in  tongued  and  grooved 
match-boarding,  4  in,  silicate  cotton  or  slag  wool,  J^  in.  tongued  and 
grooved  match-boarding,  2  layers  of  insulating  paper,  and  ^  in.  tongued 
and  grooved  match-boarding. 

Tank,  2  in.  air  space  between  studding,  layer  of  insulating  paper, 
2  in.  flooring,  2  layers  of  insulating  paper,  J^  in.  tongued  and  grooved 
boarding,  joists  on  concrete  or  ground,  spaces  between  filled  with  char- 
coal for  three-quarters  depth,  J^  in.  tongued  and  grooved  match- 
boarding,  2  layers  of  insulating  paper,  ^  in.  tongued  and  grooved 
match-boarding,  ground  or  concrete. 

In  Figs.  195  to  234  are  depicted  various  plans  for  insulation  which 
have  been  successfully  used  in  the  United  States.  Figs.  195  and  196 
illustrate  a  method  of  insulating  a  cold  store  recommended  by  the  Frick 
Company;  Figs.  197  to  204,  various  methods  of  wall,  floor,  ceiling,  par- 
tition, door,  and  window  insulation,  and  Fig.  205  a  method  of  insulating 
a  tank  recommended  by  the  same  company.  Figs.  206  to  215  gives  a 
number  of  methods  of  wall,  floor,  ceiling,  door,  window,  and  tank  insu- 
lation used  by  the  Barber  Manufacturing  Company,  and  Figs.  216  to 
223  and  224  to  234  show  a  number  of  wall,  floor,  ceiling,  and  tank  insu- 
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lation  as  approved  by  the  Triumph  Ice  Machine  Company.  The  ex- 
planatory matter  on  the  drawings  sufficiently  cleariy  explains  the  con- 
struction of  the  above. 

Refrigerated  Railway  Vans. 

An  important  type  of  portable  refrigerator  is  that  adapted  to  meet 
the  requirements  of  railway  vans,  trucks,  cars,  or  waggons,  which  it  is 
desirable  to  maintain  at  a  low  temperature  for  considerable  periods,  but 
which,  for  obvious  reasons,  it  is  undesirable,  in  doing  so,  to  encumber 
with  machinery,  to  increase  in  weight  to  any  considerable  extent,  or  to 
render  in  any  way  necessary  the  employment  of  special  labour  to  take 
charge  of  same. 

The  frozen  meat,  as  a  rule,  arrives  in  good  condition  on  board  the 
vessels,  and  deterioration  in  quality  usually  takes  place  during  its  trans- 
ference to  the  cold  stores  on  land,  and  again  during  the  subsequent 
deUvery  thereof  to  the  retailer,  when  the  meat  is  exposed  to  tem- 
peratures frequently  much  higher  than  what  is  required  to  preserve  it 
in  good  condition.  The  great  desideratum  for  this  purpose  is  a  plan 
which  will  avoid  the  necessity  of  carrying  the  source  of  refrigeration 
upon  the  conveyance  itself,  and  this  the  Pulsometer  Engineering  Com- 
pany, Limited,  claim  to  have  successfully  accomplished  in  their  system 
of  refrigeration  for  railway  trucks  or  cars,  and  other  portable  chambers, 
and  they  state  that  they  are  willing  to  guarantee  to  maintain  below  the 
freezing  point  properly  fitted  portable  chambers  of  all  kinds,  for  ample 
time  for  transit  between  Penzance  and  Aberdeen. 

The  method  of  refrigeration  primarily  employed  in  vans  and  railway 
trucks,  was  to  effect  the  production  of  cold  with  mixtures  of  ice  and 
salt.  The  great  objection  to  this  arrangement  is  the  large  increment  of 
weight,  and  the  nuisance  and  damage  caused  by  the  moisture  due  to  the 
melting  ice. 

As  early  as  the  year  1867  a  refrigerator  car  was  constructed  in  the 
United  States  having  a  refrigerating  chamber  surrounded  by  an  air 
space.  A  fan  or  blower  was  provided,  driven  off  one  of  the  car  axles, 
and  air  was  forced  by  this  blower  through  a  compartment  containing 
ice  into  the  refrigerating  chamber.  The  water  resulting  from  the  lique- 
faction of  the  ice  in  the  compartment,  which  had  a  capacity  of 
about  2  tons,  was  drawn  off  through  a  suitable  trap.  In  some  instances 
the  ice  was  replaced  by  a  refrigerating  mixture  passing  through  a 
suitable  pipe  in  the  ice-box  or  chamber.  The  air  was  drawn  in  by  the 
fan  during  the  forward   motion   of  the  car,   and   after  being  passerl 
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through  the  ice-chamber  was  delivered  at  the  top  of  the  lefrigerating 
chamber.  A  car  of  this  description  is  said  to  have  successfully  trans- 
ported meat  slaughtered  in  Illinois  to  New  York,  during  the  hottest 
part  of  the  summer,  no  perceptible  deterioration  in  quality  having 
occurred  during  the  ten  days'  journey. 


ipany  Methods  of  Wall  and  Floor 


Another  refrigerator  car  of  somewhat  similar  construction,  having 
the  external  appearance  of  an  ordinary  freight  car,  has  an  ice-bo)[  at 
each  extremity  wherein  the  ice  is  place*!  upon  gratings  sn  arrangefl  that 
a  current  of  cold  air  circulates  continually  through  a  flue  situatetl  near 
the  top  of  the  chamber,  o\er  the  surface  of  the  ice,  down  to  the  floor, 
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and  then  up  over  the  surface  of  the  ice,  down  to  the  floor,  and  then 
up  again  amongst  the  meat.  The  air  circulation  is  maintained  by 
a  fan  operated  in  a  like  manner  to  that  above  mentioned.  The  car  was 
also  built  double,  with  inside  double  doors,  filled  in  with  charcoal,  and 
the  temperature  of  the  meat  was  easily  kept  at  about  40°  Fahr.  even 
in  the  hottest  weather. 

As  has  been  already  mentioned  Godell  uses  lampblack,  or  a  mix- 
ture of  lampblack  and  mica  scales,  as  non-conducting  material  for  use 
in  refrigerator  cars. 

In  another  arrangement,  also  used  in  America,  the  car  is  cooled 
by  means  of  some  suitable  volatile  liquid,  which  is  allowed  to  vaporise 


Fijj.    235. — Refrigerator  Van  or  Waggon,  Great  Southern  and  Western 
Railway,  Ireland.     Sectional  Side  Elevation. 

slowly  through  a  system  of  pipes  from  one  reservoir  into  another,  thus 
reducing  the  temperature  of  the  chamber.  An  objection  to  this 
arrangement  is  the  danger  of  leakage  of  the  volatile  liquid  taking  place 
into  the  refrigerating  chamber, 

Fig.  235  is  a  side  elevation  partly  in  section,  Fig.  236  is  an  end 
elevation  partly  in  section,  and  Fig.  237  is  a  sectional  plan  showing 
a  refrigerator  van  or  waggon  built  for  the  Great  Southern  and  Western 
Railway  of  Ireland.  These  illustrations,  which  are  reproductions  on  a 
reduced  scale  of  cuts  that  appeared  in  "  Ice  and  Cold  Storage,"  are 
self-explanatory. 

A  refrigerator  van,  car,  or  waggon,  said  to  be  in  use  upon  the  Illinois 
Central  Railway,  U.S.,  and  which  has  been  designed  and  patented  by 
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Mr.  H.  F.  Stanley,  the  foreman  of  the  car  department  at  New  Orleans, 
Louisiana,  is  shown  in  Figs.  238  and  239  in  sectional  side 
elevation  and  in  plan,  and,  according  to  the  patent  si>ecification, 
consists  essentially  of  the  following  features :  The  car  is  provided  with 
three  floors,  viz.,  a  central  or  main  floor  a,  which  slopes  in  a  downward 
direction  from  the  sides  of  the  van  towards  a  central  gutter,  which  runs 
through  its  entire  length,  and  serves  as  a  drain  to  carry  off  all  internal 
drippings;  a  lower  or  sub-floor  b,  lined  with  paper-felt  ;  and  lastly 
a  false,  or  deck  floor  c,  formed  of  lattice  work,  and  arranged  in  sections 
divided  on  the  centre  line  of  the  car,  each  section  being  hinged  or 
jointed  to  the  sides  of  the  latter,  as  to  admit  of  its  being  raised  or 
folded  up,  and  thus  allowing  of  access  to  the  central  or  main  floor  and 


Fig.  236.— Refrigator  Van  or  Waggon,  Great  Southern  and  Western 
Railway,  Ireland.     End  Elevation  partly  in  Section. 

gutter  for  cleansing  purposes.  Ventilating  doors  d  are  provided  at  each 
end  of  the  car,  through  which  a  current  of  air  can  be  admitted  which 
will  circulate  between  the  main  floor  and  the  latticed  upper  floor,  e 
are  hatches  fitted  with  ventilating  hoods,  and  removable  plugs,  and 
auxiliary  screens,  which  admit  of  filling  the  ice  tanks  F. 

The  ice  tanks  or  boxes  are  formed  by  doors  or  swinging  partitions, 
hinged  or  jointed  to  the  roof  of  the  car  about  3  ft.  from  each  end,  so 
that  they  can  be  either  fastened  up  out  of  the  way,  as  shown  at  g,  or 
let  down  until  they  hang  vertically,  and  reach  the  floor,  as  shown  at 
G,  forming,  when  in  the  latter  position,  the  ice  compartment  or  chamber 
F.   At  a  height  of  i  ft.  6  in.  above  the  ui)per  or  deck  latticed  floor  c,  in 


REFRIGERATED  RAILWAY   VANS. 


335 


this  ice  chamber  or  compartment  f,  is  provided  a  deck  or  false  floor  H, 
which  consists  of  a  hinged  grating,  which  can  be  brought  down  into 
the  position  shown  in  Fig.  238  or  can  be  folded  back  against  the  end 
of  the  car  when  not  in  use.  The  side  door  openings  i  are  fitted  with 
cross-bars  j,  which  can  be  fixed  firmly  in  position  in  such  a  manner 
as  to  be  easily  removable  when  desired.  The  van  or  waggon  is  sup- 
ported upon  bogie  frames.  A  special  feature  in  the  arrangement  is  the 
very  great  facility  with  which  the  van  can  be  converted  from  an 
ordinary  car  or  waggon  into  a  refrigerator  car,  or  vice  versa, 
the  time  necessary  for  effecting  the  first-mentioned  change,  or  for 
folding  up  out  of  the  way  the  parts  forming  the  ice  chambers  or  com- 
partments, being  only  about  ten  minutes.  The  car  is,  therefore,  avail- 
able for  use  as  an  ordinary  freight  car  or  waggon,  or  as  a  refrigerator 


Fig.  237. — Refrigerator  Van  or  Waggon,  Great  Southern  and  Western  Railway, 

Ireland.     Sectional  Plan. 


car  or  van.  The  principal  dimensions  of  this  van  or  car  are  as  fol- 
low :  Length  of  frame,  37  feet;  width  of  frame,  9  feet.  Outside  length 
of  car  body,  36  ft. ;  width  of  car  body,  9  ft.  Inside  length  of  car,  35  ft. ; 
width  of  car,  7  ft.,  from  wall  to  wall,  without  ice  chambers  or  compart- 
ments. Height  from  upper  or  deck  fl(x>r  to  ceiling  plate,  8  ft.  Clear 
space  in  car  when  ice  chambers  or  tanks  are  in  position,  29  ft. ;  width 
of  ice  chambers  or  tanks,  3  ft.  each ;  length  of  do.,  7  feet ;  capacity  of 
do.,  108  cubic  feet.  The  false  upper  or  deck  flooring  is  formed  of 
2  in.  by  4  in.  battens,  and  the  central  or  main  flooring  of  ij^  in.  by 
5  in.  battens.  The  lower  or  sub-floor  has  a  }^  in.  lining.  The  space  or 
clearance  for  the  circulation  of  air  l>etween  the  upper  or  deck  floor  and 
the  central  or  main  floor  is  4  in.     The  width  of  the  gutter  in  the  central 
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or  main  floor  is  4  in.  The  doors  or  swinging  partitions  for  forming  the 
ice  chambers  or  compartments  are  constructed  of  2  in.  by  2  J^  battens. 
The  width  of  the  side  door  openings  is  5  ft.  The  timbers  supporting 
the  bogie  trucks  or  carriages  are  8J4  inches,  and  the  centres  of  the 
latter  are  5  feet  from  the  end  of  the  car  or  van.  The  distance  between 
the  centres  of  the  wheels  in  the  trucks  is  5  ft.,  and  the  height  of  the  top 
of  the  truck  from  the  wheel  base  is  29  in. 

John  Lobrist,  of  Hanford,  California,  has  designed  a  refrigerator 
car,  comprising  vertical  ice  tanks  or  chambers  placed  at  each  end,  to 
which  chambers  access  can  be  had  for  charging  through  hatches  having 
hermetically  closing  doors.  These  chambers  are  surrounded  by  open- 
work walls  with  an  annular  air  passage  arranged  exteriorly,  and  a 
second  open  or  net-work  wall  located  outside  the  air  chamber.     In  a 


Fig.  238.— Refrigerator  Car  or  Waggon,  Illinois  Central  Railway,  U.S. 

Side  Elevation  partly  in  Section. 


space  or  clearance  situated  exteriorly  to  the  air  chamber,  and  between 
the  latter  and  an  outer  closed  casing,  is  placed  a  layer  or  filling  of  salt. 
A  lining  extends  right  across  the  top  of  the  car  and  from  end  to  end 
thereof,  so  as  to  form  a  passage  between  it  and  the  roof;  and  a 
central  opening  which  communicates  with  the  body  of  the  car,  and 
openings  at  the  extremities  which  give  access  to  air  passages  surround- 
ing the  ice  chamber,  are  also  provided.  Centrally  along  the  floor  of 
the  car  is  a  passage,  around  and  over  which  passage  the  boxes  are 
packed,  openings  being  provided  between  the  opposite  ends  of  the 
passage  in  question  and  the  lower  ends  of  the  refrigerating  air 
chambers  at  the  ends  of  the  car.  Fans  mounted  in  these  openings  cause 
a  circulation  of  air  to  take  place  through  the  refrigerating  chamber 
and  the  body  of  the  car,  the  air  returning  through  the  air  passages 
adjacent  to  the  roof  of  the  latter.     The  air-circulating  mechanism  is 
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driven  by  an  arrangement  of  gearing  from  the  axles  of  the  car,  which 
operates  the  pistons  or  plungers  of  compressor  cylinders  connected 
with  compressed  air  receivers  or  reser\'r>irs.  The  air  thus  compressed 
is  employed  to  drive  motor  wheels,  which  in  turn  drive  the  fans.  A 
compressor  cylinder  fixed  to  a  frame  to  which  the  crank-shaft  working 
the  compressor  pistons  or  plungers  is  joumalled,  and  which  cylinder 
is  connected  through  a  suitable  pipe  with  the  compressed  air  receiver 
or  reservoir,  admits,  by  allowing  air  under  pressure  to  enter  the  cylin- 
der, of  so  acting  upon  its  piston  or  plunger  as  to  raise  the  journal 
frame  and  crank-shaft,  therdjy  ilisengaging  the  driving  gear  and  stop- 
[rirtg  the  action  of  the  pumps,  when  desired. 

Refrigerator  cars  have  also  been  designed,  fitted  with  refrigerating 
machinery.  One  type  of  car  patented  by  M.  E.  Schmidt  and  T.  J.  Ryan, 
of  York,  U.S.,  has  an  installation  of  refrigerating  machinery  on  the 
ammonia  compression  system.       A  dynamo,  driven  from  one  of  the 


Fig.  239,— Refrigerator  Car 


axles,  supplies  current  to  an  ele(;tro- motor  and  to  a  storage  battery. 
The  compressor  is  in  this  manner  driven  by  electric  power,  and  by 
means  of  the  storage  batterv  can  be  continued  in  operation  for  a  cer- 
tain time  whilst  the  car  is  at  rest. 

An  attempt  has  been  recently  made  in  the  United  States,  by  the 
Standard  Butter  Company,  Owego,  New  York,  to  refrigerate  or  cool 
a  car  or  van  for  the  transport  of  butter,  by  the  application  of  liquid 
air.  The  refrigerator  car  used  was  an  ordinary'  one,  and  the  expense 
of  adapting  it  for  the  test  was  only  about  £^%. 

The  cooliT^  apparatus  is  extremely  simple,  consisting  merely  of 
about  200  feet  of  2  in.  galvanised  iron  pipe  coiled  on  the  ceiling,  and 
running  lengthways  from  end  to  erul  of  the  car.  This  pipe  is  con- 
nected to  a  small  cylindrical  galvanised  iron  tank  some  4  ft.  high,  and 
2  ft.  in  diameter,  which  is  fixed  in  one  comer  t>f  the  car,  and  con- 
tains the  liquid  air.     From  this  iron  tank  the  liquid  air  is  forced  at 
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a  pressure  of  about  four  pounds  to  the  square  inch,  to  the  coil  of  pipe 
overhead,  an  arrangement  which,  it  is  claimed,  admits  of  the  tempera- 
ture of  the  van  being  raised  or  lowered  at  the  will  of  the  operator. 

According  to  reports  of  the  test,  within  an  hour  from  the  first  appli- 
cation of  liquid  air  to  the  van,  the  temperature  was  reduced  to  15  de- 
grees below  zero,  and  held  at  that  point  for  three  hours.  The  tank  used 
contained  sufficient  liquid  air  to  keep  the  temperature  down  for  twenty- 
four  hours  without  having  to  be  re-charged.  The  air  in  the  van  was 
found  to  be  perfectly  pure,  there  being  no  moisture  anywhere  to  be 
seen,  very  little  frost  on  the  pipes,  and  no  drip  whatever.  After  the 
test  the  floor  was  clean  and  dry,  and  the  truck  itself  presented  in  every 
way  a  much  more  pleasing  look  than  when  ice  is  used,  with  its  waste 
and  continual  drip. 


CHAPTER  XIV. 
REFRIGERATION  AND  COLD  STORAGE  {continued). 

Hoisting  and  Conveying  Machinery. 

A  NUMBER  of  cranes,  and  hoists  and  lifts,  are  required  in  a  cold  store 
of  any  size  for  handling  the  carcasses.  The  first-mentioned  do  not 
differ  materially  from  those  employed  in  factoiies,  warehouses,  etc., 
the  second,  howevpr,  are  usually  of  special  construction.  The  motive 
power  may  be  either  steam,  gas,  compressed  air,  water  under  pres- 
sure, or  electricity.  The  advantages  of  hydraulic  power  are:  Per- 
fect security  in  handling  the  load  when  raising  or  lowering  it,  and  being 
able  to  stop  the  load  in  any  position.  Great  simplicity  of  construction. 
Facility  of  operating  enabling  skilled  operators  to  be  dispensed  with. 
Relatively  small  cost  of  construction  and  operation.  Noiselessness  in 
action.  The  provision  of  water  under  pressure  on  the  premises  in  case 
of  fire.  All  the  above  advantages  are  also  applicable  to  the  use  of 
electricity,  and  the  latter  power  has  the  further  advantage  of  being  un- 
affected by  cold.  Space  does  not  admit  of  more  than  touching  briefly 
upon  this  portion  of  the  subject,  and  of  giving  illustraticxis  and  short 
descriptions  of  two  or  three  carcass  hoists  by  way  of  example.  Short 
descriptions  of  cranes,  hoists,  and  conveyors  for  handling  ice  will  be 
found  in  the  chapter  on  "  Ice-making." 

Figs.  240  to  245  show  various  views  of  an  automatic  electric  beef 
hoist,  designed  by  Messrs.  J.  G.  Chi  Ids  and  Co.,  Ltd.,  London.  The 
construction  of  the  hoist  will  be  readily  understood  from  the  drawing.  It 
consists  of  any  suitable  number  of  cradles,  in  this  instance  ten,  running 
in  vertical  guides,  and  suspended  from  two  endless  chains.  Two  hinged 
platforms  are  provided  at  each  floor,  the  one  for  loading  and  the 
other  for  unloading,  and  these  platforms  are  turned  back  out  of  the  way 
at  all  the  floors  not  in  use.  In  order  to  load  the  hoist,  the  loading 
platform  on  any  of  the  floors  is  turned  into  position  to  receive  the 
carcasses,  which  are  then  placed  one  by  one  upon  this  platform,  the 
next  cradle  in  rising  lifting  the  quarter  of  beef  and  carr)'ing  it  up  over 
the  top  of  the  lift  and  down  on  the  other  side,  finally  depositing  it 
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automatically  upon  whichever  of  the  hinged  receiving  platforms  or 
forks  that  has  been  adjusted  into  position  to  receive  it  and  lift  it  off  the 
cradle.  The  cradles  are  kept  in  the  same  position  and  are  prevented 
from  swinging  or  moving  laterally  during  the  rising  and  descending 
movement  of  their  vertical  travel  by  means  of  the  vertical  arms  shown, 
CMie  of  which  is  provided  at  each  side  of  the  cradle,  and  is  fitted  at  each 
extremity  with  rollers  engaging  between  vertical  guides.  The  upper 
ends  of  these  arms  are  connected  to  the  endless  carrying  chains  of  the 
hoist,  and  the  cradle  is  secured  to  the  lower  ends  of  these  arms  or 
levers.  When  each  of  the  cradles  reaches  the  upper  or  lower  sprocket 
or  chain  wheels  supporting  the  endless  chains,  and  is  passing  round 
them,  the  rollers  on  its  arms  or  levers  pass  clear  of  the  guides,  and  it 
will  be  seen  that  the  cradles  are  consequently  permitted  to  swing  free 
from  their  pivot  at  the  upper  end  of  these  levers,  and  thus  to  retain 
a  vertical  position  whilst  passing  round  the  upper  and  lower  sprocket  or 
chain  wheels.  After  clearing  the  sprocket  or  chain  wheels  the  rollers 
on  the  vertical  arms  or  levers  once  more  engage  in  the  vertical  guides. 

The  beef -hoist  motor  (which  is  a  Westinghouse  3J4  horse-power 
electric  motor)  is  located  at  the  upper  extremity  of  the  hoist,  and  is 
geared  through  a  worm  wheel,  the  thrust  of  which  is  taken  up  by  ball- 
bearings, which  have  been  found  greatly  to  reduce  the  friction  of  the 
gearing.  The  switching  arrangements  enable  the  above  motor  to  run 
on  either  a  530  volt  current,  or  on  a  400  volt  current. 

The  motor  can  only  be  started  from  the  weighbridge  room,  which 
latter  is  situated  on  the  ground  floor,  but  it  can  be  stopped  by  means 
of  any  of  the  press  buttons  placed  on  the  various  floors. 

Fig.  246  shows  a  portion  of  one  of  Chi  Ids'  patent  hoists  or  elevators 
erected  at  the  Campania  Sansinena's  Cold  Stores,  Long  Lane,  Smith- 
field,  London,  with  a  quarter  of  beef  in  position  on  one  of  the  cradles. 

This  beef  hoist  has  a  capacity  equal  to  the  deliver)^  of  about  300 
quarters  of  beef  per  hour  on  the  uppermost  floor  of  the  store,  which 
in  the  example  shown  is  four  storeys  in  height,  at  a  cost  of  about  two- 
pence-halfpenny per  hundred  quarters.  A  considerable  saving  of 
labour  can  be  effected  by  the  use  of  this  lift,  inasmuch  as  by  its 
automatic  system  of  delivery,  it  enables  a  number  of  hands  that 
would  be  otherwise  required  for  the  removal  and  handling  of 
the  heavy  quarters  of  beef  to  be  dispensed  with.  The  carcasses 
are  delivered  in  close  proximity  to  the  chambers,  and  could,  if 
desired,  be  easily  slid  on  suitable  chutes  or  inclines  to  and  through 
the  doors  of  the  chambers,  and  be  thus  passed  entirely  automatically 
into  the  latter. 
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The  elevators  for  the  Southampton  Cold  Storage  Company  have 
likewise  been  designed  and  are  being  supplied  by  Messrs.  Childs. 
These  elevators  are 
each  intended  to  take 
the  produce  from  the 
ship's  Mde,  raise  it 
about  go  feet  verti- 
cally, and  then  convey 
it  for  about  another 
50  feet  horizontally, 
finally  automatically 
depositing  it  at  the  de- 
sired spot.  Each  ele- 
vator will  be  capable 
of  dealing  with  about 
r,8oo  carcasses  of 
mutton  per  hour,  or 
about  600  quarters  of 
beef,  barrels,  or  Conti- 
nental egg-cases  per 
hour. 

It  will  be  seen  that 
these  lifts  are  really 
combined  elevators 
and  conve}'ors. 

Fig.  247  is  a  view 
showing  a  portion  of  a 
mutton  hoist,  also  con- 
structed by  Messrs. 
Childs,  and  working  at 
the  Campania  Sansi- 
nena's  Cold  Store  in 
T.,ondon.  This  hoist, 
it  will  be  seen,  con- 
sists of  two  vertically 
arranged  parallel  end- 
i-ig-  Z47.— Muiion  Hoisi  in  l.omloii  Cold  Stotc.  less  chains,  carrying  at 

intervals  sheet-i  r  o  n 
trough-shaped  cradles  or  carriages,  into  which  the  carcasses  are  placed, 
and  from  which  they  are  removed  by  hand.  The  hoist  is  operated  by 
an  electric  motor  located,  in  this  instance,  at  the  bottom. 
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This  mutton  hoist  is  capable  of  delivering  about  700  carcasses  of 
frozen  sheep  per  hour  at  the  top  or  fourth  fioor  of  the  store  at  a  cost 
of  about  three  farthings  per  hundred  carcasses. 

Figs.  248  and  249  are  two  views  showing  an  external  carcass  hoist 
or  lift  erected  at  Nelson's  Cold  Storage  Wharf,  Lambeth,  by  Messrs. 
R.  Waygood  and  Co.,  Ltd.,  Falmouth  Road,  London,  for  raising  frozen 
carcasses  from  barges  lying  in  the  river,  and  delivering  same  to  the  top 
of  the  cold  store,  from  where  they  are  distributed  to  the  various  floors 
by  means  of  internal  lifts. 

This  lift  or  hoist  consists,  as  will  be  seen  from  the  cuts,  of  a  number 
of  cradles  carried  by  two  parallel  endless  chains  mounted  upon 
sprocket  or  chain  wheels,  those  at  one  end  being  carried  upon  a  long 
arm  or  jib  pivoted  at  its  upper  extremity  to  a  suitable  platform,  and 
capable  of  being  swung  or  moveti  by  hydraulic  power  into  various 
angles  relatively  to  the  platform,  so  as  tO'  enable  the  carcasses  from 
barges  lying  at  different  distances  from  the  wall  of  the  store  to  be 
raised,  as  shown  in  Fig.  249.  The  endless  chains  carrying  the  cradles 
pass  over  sprocket  or  chain  wheels  provided  upon  the  platform  to  other 
sprocket  or  chain  wheels  situated  within  the  building  at  the  point  of 
discharge. 

Another  large  cold  store  in  London,  with  river  frontage,  in  which 
the  carcasses  are  also  taken  in  from  the  top,  and  conveyed  down  by 
lifts  to  the  various  floors  below,  has  at  the  upper  part  of  the  building 
a  crane  with  a  very  long  jib,  enabling  barges  lying  at  a  considerable 
distance  from  the  wharf  to  be  reached.  The  carcasses  are  raised  from 
the  barges  by  means  of  this  crane  in  a  sailcloth,  a  number  at  a  time, 
and  are  delivered  to  a  suitable  platform  at  the  top  of  the  store,  from 
whence  they  can  be  delivered  to  the  vertical  internal  lifts,  and  con- 
veyed thereby  to  the  various  floors. 

In  some  stores  lifts  capable  of  carrying  both  jxissengers  and  meat 
in  trucks  are  employed,  and  also  lifts  of  the  ordinary  direct-acting  type, 
with  arrangements  for  tipping  automatically  at  the  end  of  the  stroke 
so  as  to  eff'ect  the  discharge  of  the  loads  on  to  a  receiving  table,  the 
latter  being  in  use  at  the  Victoria  Dock,  London.  At  the  West  India 
Dock  there  are  four  hydraulic  lifts,  which  are  supported  oil  one  side 
only  in  the  form  of  a  bracket,  and  the  greater  part  of  the  work  of 
transporting  the  frozen  carcasses  is  carried  out  by  gravitation. 

In  the  West  Smithfield  store,  besides  two  lifts  by  Messrs.  R.  Way- 
good  and  Company,  capable  of  carrying  either  passengers  or  goods, 
there  are  two  other  lifts  designed  by  Mr.  H.  F.  Donaldson,  M.I.C.E.,* 

*  **  Proceedings  of    the   Institution   of  Civil    Engineers,*'   vol.   cxxix.,   Session 
1896-97.     Part  iii. 
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which  are  so  arranged  that  carcasses  of  meat  are  loadec]  at  the  receiv- 
ing platform,  where  the  attendant  in  charge  is  already  informed  by  the 
tallyman  as  to  the  chamber  into  which  the  various  loads  are  to  go. 
By  levers  he  throws  the  points  over  to  the  floor  on  which  the  carcasses 
have  to  be  discharged,  and  starts  the  lift,  after  which  he  need  only  let 
the  lift  run  its  course,  as,  when  it  reaches  the  point  at  which  the  turn- 
out has  been  prepared,  an  automatic  cut-off  in  connection  with  the 
lever  comes  into  play,  and  the  machine  is  stopped  at  the  exact  place 
at  which  the  best  result  in  discharging  is  to  be  obtained.  In  practice, 
however,  the  driver  generally  slackens  the  speed  of  travel  just  before 
reaching  the  point  of  discharge,  so  as-  to  avoid  the  jar  which  results 
from  the  automatic  cut-off  due  to  the  high  speed  at  which  these  lifts 
travel.  The  meat  so  discharge^!  on  to  a  table  overhead,  naturally  falls 
away  by  gravitation,  and  passes  along  chutes  directly  into  the  chamber 
for  which  it  is  intended ;  so  that  from  the  time  the  meat  is  placed  upon 
the  lift  at  the  bottom,  it  only  requires  to  be  directed  into  its  proper 
chute  from  the  receiving-table,  and  has  not,  of  necessity,  to  be  again 
lifted  until  it  reaches  the  chamber  in  which  it  has  to  be  stored. 

A  lowering  apparatus  of  extremely  simple  and  ingenious  construc- 
tion which  is  much  employed  in  the  United  States,  consists  essentially 
of  a  cage  guided  by  two  supporting  angle  irons,  and  somewhat  more 
than  balanced  by  a  weighted  piston,  which  latter  is  fitted  with  a  steel 
air  tube  located  at  the  rear.  This  air  tube  is  perforated  in  order  to 
admit  of  the  air  escaping  therefrom  when  the  piston  rises  during  the 
lowering  of  the  cage,  and  the  perforations  near  the  upper  end  or  top 
of  the  tube  are  regulated  in  size  and  made  smaller  so  as  to  cushion 
the  air  as  the  cage  reaches  the  lower  level.  In  operation,  as  soon  as 
the  cage  is  loaded  it  descends  very  rapidly,  and  is  brought  gradually 
to  rest  in  the  last  two  or  three  feet  of  its  downward  course.  As  soon 
as  the  cage  reaches  the  bottom  level  it  engages  with  a  lever  and  is 
automatically  upset  or  tilted  so  as  to  turn  out  its  load  on  the  lower 
platform,  and  directly  it  is  relieved  of  its  load  the  cage  rises  or  ascends 
rapidly  under  the  action  of  the  loaded  piston  located  in  the  air  tube, 
the  piston  and  cage  being  brought  to  rest  by  air  cushioning  at  the 
bottom  of  the  tube  in  a  manner  practically  similar  to  that  already  men- 
tioned. It  will  be  seen  that  this  lift  or  lowering  apparatus  operates 
entirely  by  gravity,  and  requires  no  motive  power  whatever. 

This  apparatus  could  be  advantageously  employed  w^herever  the 
dimensions  of  a  room  or  chamber  are  so  limited  as  to  render  the  use 
of  an  ordinary  "  run  way  "  or  "  sliding  way  "  inadvisable  owing  to  neces- 
sitating too  steep  a  gradient  in  the  latter. 


CHAPTER  XV. 
REFRIGERATION  AND  COLD  STORAGE  {continued). 

Proper  Methods  of  Storing,  and  Temperatures  for  the  Cold  Storage  of  Various 
Articles. — Meats  and  Fish. — Butter. — Cheese. — Milk. — Eggs. — Fruits. — Vege- 
tables.— ^Table  of  Temperatures  for  Cold  Storage  of  Various  Articles. 

Speaking  generally,  cold  storage  rooms  or  chambers  are  maintained 
at  a  temperature  of  somewhere  near  34°  Fahr. ;  rooms  or  chambers  for 
chilling  at  about  30°  Fahr. ;  and  freezing  rooms  or  chambers  at  any- 
thing between  0°  Fahr.,  or  lower,  and  10"  Fahr. 

Meats  and  Fish. 

The  freezing  and  storing  of  meat  has  been  already  touched  upon 
in  the  previous  chapter.  Fish  is  by  no  means  an  easy  article  to  deal 
with,  and  it  is  maintained  by  many  that  the  best  method  of  preserving 
it  is  to  pack  with  ice.  Indeed,  attempts  to  employ  refrigeration  on 
steam  trawlers  have  not  been  signalised  by  remarkably  good  results, 
and  the  old  plan  of  an  ice  room  still  holds  the  leading  place.  The 
following  is  a  method  of  freezing  fish,  described  by  a  successful  firm  in 
the  United  States :  "  When  the  fish  are  unloaded  from  the  boats 
they  are  first  sorted  and  graded  as  to  size  and  quality.  These  are 
placed  in  galvanised  iron  pans  22  in.  long,  8  in.  wide,  and  2j^  in. 
deep,  covered  with  loosely-fitting  lids,  each  pan  containing  about  twelve 
pounds.  The  pans  are  then  taken  to  the  freezers.  These  are  solidly 
built  vaults,  with  heav)*  iron  doors,  resembling  strong  rooms,  and  filled 
with  coils  of  pipes,  so  arranged  as  to  form  shelves.  On  these  shelves 
the  pans  are  placed,  and  as  one  feature  of  the  fixtures  is  economy  of 
space,  not  an  inch  is  lost.  The  pans  are  kept  here  for  twenty-four 
hours  in  a  temperature  at  times  as  low  as  16°  below  zero.  Each 
vault  or  chamber  has  a  capacity  of  2j4  tons,  and  there  are  sixteen  of 
them,  giving  a  total  capacity  of  40  tons,  which  is  the  amount  of  fish 
that  can  be  frozen  daily  if  required. 

On  being  taken  out  of  the  sharp  freezers  the  pans  are  sent  through 
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a  bath  of  cold  water,  and  when  the  fish  are  removed  they  are  frozen  in 
a  solid  cake.  These  cakes  are  then  taken  to  the  cold  storage  ware- 
house;, which  is  divided  into  chambers  built  in  two  storeys,  almost  the 
same  as  the  sharp  freezers.  The  cakes  of  fish,  as  hard  as  stone,  are 
packed  in  tiers,  and  remain  in  good  condition  ready  for  sale.  It  is 
possible  to  preser\'e  them  for  an  indefinite  time,  but  as  a  rule  frozen 
fish  are  only  kept  for  a  season  of  from  six  to  eight  months.  They  are 
frozen  in  the  spring  and  fall,  when  there  is  a  surplus  of  fish,  and  sold 
generally  in  the  winter,  or  in  the  close  season,  when  fresh  fish  cannot 
be  obtained." 

For  shipment,  says  the  same  authority,  fish  may  be  packed  in  bar- 
rels after  the  following  directions :  "  Put  in  a  shovelful  of  ice  at  the 
bottom  of  the  barrel,  and  be  always  careful  to  see  that  auger  holes 
are  bored  into  the  bottom  of  the  barrels,  to  let  the  water  leak  out  as 
fast  as  it  is  produced  by  the  melting  ice.  After  putting  in  a  shovelful 
of  fine  ice,  cnished  by  an  ice  mill,  put  in  about  fifty  pounds  of  fish; 
then  another  shovelful  of  ice  on  top  of  the  fish,  etc.,  until  the  barrel 
is  full,  always  leaving  space  enough  on  the  top  of  the  barrel  to  hold 
about  three  shovelsful  of  ice.     By  shovels,  scoop  shovels  are  meant." 

The  following  is  said  to  be  the  usual  method  adopted  in  salmon 
freezing  works  on  Che  Pacific  Coast :  The  choice  steel  head  and  oval 
Chinook  salmon  are  received  in  a  large,  airy  room,  where  they  are 
washed,  thoroughly  cleansed,  and  laid  upon  large  trays,  which  are 
ranged  in  tiers  one  above  the  other.  When  a  truck-load  of  these  trays 
is  filled  it  is  wheeled  into  the  freezing  room,  where  it  remains  about 
36  hours.  The  cars  are  then  wheeled  into  the  packing  room.  Here 
the  fish  are  placed  upon  a  large  elevator  or  dipping  machine,  and 
submerged  in  a  vat  of  cold  water.  They  are  then  let  stand  for  a  few 
minutes,  and  a  thick  coating  of  ice  is  formed  around  each  fish.  The 
fish  are  then  wrapped  separately  in  paper  and  parked  in  boxes,  which 
are  put  into  refrigerator  cars  and  shipped  to  the  markets  of  the  world. 


Butter. 

Butter  can  be  preserved  by  either  keeping  it  in  a  chamber  at  the* 
ordinary  cold  storage  temperature,  or  by  freezing,  the  latter  being  said 
to  give  the  best  results  as  regards  the  retention  of  the  flavour  and  other 
qualities  of  the  butter.  For  lengthened  storage  it  is  recommended  to 
freeze  the  butter  rapidly  at  a  temperature  of  from  5*^  to  10^  Fahr.,  and 
afterwards  to  keep  it  at  about  20^  Fahr. 
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The  thawing  can  be  effected  by  simply  removing  it  from  the  freez- 
ing chamber,  and  when  selling  it  is  desirable  to  allow  the  butter  to 
stand  for  a  short  time  in  order  to  develop  the  flavour. 

Cheese. 

Cheese  should  not  be  placed  in  cold  storage  until  it  is  getting  on 
in  ripening,  so  as  to  prevent  unpleasant  odours,  and  it  should  not  be 
previously  subjected  to  any  high  temperatures.  Cheese  is  better  not 
frozen,  but  in  case  the  latter  should  occur,  the  thawnng  must  be 
gradual,  and  it  is  advisable  to  consume  it  as  soon  as  possible,  as  it 
will  not  keep  long  after  this  has  occurred.  If  the  atmosphere  of  the 
room  is  too  dry  the  cheese  will  shrink  and  crack,  and  on  the  other 
hand,  if  damp,  the  cheese  will  become  mouldy. 

Milk. 

Milk  should  only  be  kept  in  cold  storage  for  limited  periods.  A 
method  has,  however,  been  proposed,  according  to  Prof.  Siebel,  for 
concentrating  milk  by  the  freezing  process  by  which  part  of  the  water 
in  the  milk  is  converted  into  ice.  The  ice  is  allowed  to  form  on 
the  surface  of  the  pans,  which  are  placed  in  cold  rooms,  and  the  surface 
of  the  ice  is  broken  frequently,  to  present  a  fresh  surface  for  freezing. 

The  refrigeration  and  cold  storage  of  milk  will  be  found  further 
dealt  with  in  the  chapter  on  "  Various  Other  Manufacturing  and 
Industrial  Applications,"  pages  396  to  401. 

Eggs. 

Eggs  can  be  kept  in  cold  storage  for  some  months,  but  the  difficul-. 
ties  to  be  overcome  in  order  to  ensure  success  are  considerable. 

The  contents  of  eggs  can  be  stored  in  bulk,  to  effect  which  the 
eggs  are  emptied  into  tin  cans  containing  about  fifty  pounds  and 
stored  at  30^  Fahr.  They  will  keep  for  any  reasonable  length  of  time, 
but  must  be  used  quickly  after  thawing. 

In  the  United  States,  where  much  attention  has  been  given  to  the 
cold  storage  of  eggs  and  where  the  value  of  the  eggs  placed  in  cold 
storage  annually  is  estimated  at  about  $20,000,000  (and  it  must  be 
remembered  that  the  prices  there  are  low,  and  consequently  this  sum 
represents  a  very  large  quantity),  many  concerns  met  with  financial 
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disaster,  and  those  which  have  succeeded   have  had  to  instal  new 
systems  and  make  expensive  changes. 

It  is  important  that  eggs  for  cold  storage  should  be  very  carefully 
selected,  and  that  every  bad  one  should  be  picked  out  by  candling. 
Considerable  attention  has  been  given  in  Belgium  to  the  cold  storage  of 
eggs,  and  at  a  large  establishment  (La  Fermiere)  in  Brussels  the  follow- 
ing is  the  process  carried  out.  On  arrival  the  eggs  are  rapidly  in- 
spected by  means  of  an  egg-testing  machine,  which  consists  briefly  of 
a  frame  fitted  with  an  endless  moving  carrier  worked  by  hand,  and 
constructed  of  bobbins  fitted  closely  together  and  lined  with  cloth, 
thus  affording  accurate  hollows  in  which  the  eggs  may  be  placed. 
Over  the  central  portion  of  the  frame  is  constructed  a  dark  chamber 
or  room  through  which  the  carrier  moves,  and  beneath  the  carrier  in 
this  dark  chamber  is  a  powerful  electric  lamp  by  which  the  spots 
or  dark  colour  of  the  bad  eggs  will  be  shown  up.  This  apparatus 
admits  of  an  exceedingly  rapid  inspection,  a  large-sized  one  installed 
at  the  works  in  question  being  capable  of  dealing  with  between 
four  and  five  hundred  eggs  per  minute.  The  eggs  are  fed  on  trays  to 
the  testing  machine,  and  after  testing  are  placed  in  cases  of  from 
three  to  five  hundred,  the  smaller  package  being  found  to  be  the 
most  convenient  for  handling.  These  cases  are  first  taken  to  an  outer 
egg  store,  where  they  are  reduced  to  a  temperature  of  about  33°  Fahr. 
From  there  they  are  removed  to  the  general  store  w-here  they  are  kept 
at  a  temperature  just  below  freezing.  The  cold  rooms  are  provided 
with  large  air  locks  or  lobbies. 

An  important  point  to  be  attended  to  in  the  cold  storage  of  eggs 
is  the  correct  relative  humidity,  too  dry  a  temperature  will  cause 
serious  evaporation,  and  too  moist  a  temperature  will  produce  mould, 
and  the  exact  relative  humidity  most  suitable  does  not  seem  to  be 
understood  even  in  the  United  States,  judging  from  the  remark  re- 
ported to  have  been  made  to  a  refrigerating  expert  by  a  prominent 
commission  man  who  observed,  alluding  to  storage  eggs :  "  You  storage 
men  are  between  the  devil  and  the  deep  sea.  You  always  shrink 
'em  or  stink  'em,"  by  which  he  meant  that  eggs  held  any  length  of 
time  in  cold  storage  would  show  either  a  considerable  evaporation  or  a 
radical  "  musty  "  flavour. 

The  above  renders  it  necessary^  to  carefully  provide  for  the  ventila- 
tion of  egg  stores,  and  is  the  reason  why  absorbents  for  drying  the  air 
are  largely  used.  An  excellent  arrangement  for  this  purpose  is  that 
which  has  been  already  shown  in  Fig.  168,  p.  269,  which,  as  has  been 
already    mentioned,    has    been    designed    by    Mr.    Madison    Cooper, 
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of  Minneapolis,   Minn.,   U.S.,   especially   for  the  ventilation   of  egg 
stores. 

According  to  the  above  authority  the  following  is  the  correct  rela- 
tive humidity  for  a  given  temperature  in  egg  rooms : — 

Temperature  Relative   Humidit}' 

in   degrees  Fah-.  per  cent. 

28 80 

29 78 

30 76 

31 74 

32 71 

33 '.        ^ 

35 65 

l^ 62 

37 60 

3« 58 

39 56 

40 53 

It  is  impossible  within  the  space  at  command  to  deal  even  com- 
paratively fully  with  the  subject  of  egg  storage,  and  to  those  interested 
the  author  would  strongly  recommend  the  p>erusal  of  a  little  work  by 
Mr.  Madison  Cooper  entitled  "  Eggs  in  Cold  Storage,"  and  published 
by  Messrs.  H.  S.  Rich  and  Co.,  Chicago,  U.S. 


Fruits. 

It  may  be  taken  as  a  general  rule  that  all  green  fruits  should  not 
be  allowed  to  wither. 

Citrus  fruits  (orange,  lemon,  citron,  lime,  forbidden  fruit,  or  shad- 
dock, etc.)  should  be  kept  dry  until  the  skin  has  yielded  its  moisture, 
upon  which  the  drying  process  should  be  arrested. 

There  is  no  particular  practice  for  bananas  as  the  ripening  will 
have  to  be  governed  according  to  the  demand,  and  it  may  be  taken  that 
the  ripening  of  this  fruit  can  be  manipulated  at  will. 

Tender  fruits  are  better  placed  in  cold  storage  when  just  ripe  as 
they  then  keep  better  than  when  brought  in  before  being  fully  ripe. 
According  to  Prof.  Siebel  sour  fruit  will  not  bear  as  much  cold  as 
sweet  fruit.  Catamba  grapes  will  suffer  no  harm  at  26°  Fahr.,  while 
36°  Fahr.  will  be  as  cold  as  is  safe  for  a  lemon.  The  spoiling  of  fruit 
at  temperatures  below  40°  Fahr.  is  due  to  moisture. 
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Tender  fruits,  such  as  i>ears,  must  be  stored  whilst  firm,  and  must 
be  very  carefully  handled,  and  they  should  be  wrapped  in  paper. 
Once  the  chemical  changes  which  cause  ripening  have  set  in  it  is  too 
late  to  place  them  in  cold  storage.  After  being  kept  in  cold  storage 
pears  will  spoil  very  quickly  on  removal. 

Lemons  as  a  rule  cannot  be  kept  in  cold  storage  for  over  four 
months,  although  it  is  stated  that  those  stored  during  January, 
February,  and  March  will  keep  good  for  ^y^  months. 

Grapes  do  not  keep  well  in  cold  storage,  and  lose  most  of  their 
flavour  and  taste.  The  harder  species  naturally  keep  better  than  the 
softer  ones.  Grapes  lose  more  of  their  flavour  when  kept  at  a  tem- 
perature of,  say,  32*"  Fahr.,  than  they  do  when  kept  at  40**  Fahr.  An 
important  point  is  to  carefully  pick,  select,  and  pack  the  fruit,  and  it 
is  to  be  noted  that  a  single  rotten  grape  will  taint  a  whole  lot. 

Black  currants  can  be  kept  sound,  fresh,  and  clear  for  ten  days, 
after  which  the  fruit  begins  to  wrinkle. 

Red  currants  can  be  kept  sound  for  six  weeks.  Temperature 
26^  to  36*^  Fahr. 

Cherries  can  be  preser\'ed  for  from  ten  days  to  a  fortnight  at  a 
temperature  of  36^  Fahr. 

Strawberries  can  be  preserxed  in  good  condition  for  fifteen  days, 
and  even  longer  if  special  precautions  are  taken  such  as  surrounding 
the  fruit  with  cotton  wool,  or  placing  it  in  sieves  covered  with  the  same 
material.  The  best  temperature  is  found  to  be  30*^  Fahr.  Peaches 
will  keep  in  prime  condition  for  a  month  or  six  weeks.  The  same 
remarks  as  regards  selection  apply  equally  in  these  cases,  as,  indeed, 
they  do  more  or  less  to  all  fruits. 

Apples  must  not  be  kept  in  too  dry  an  atmosphere,  as  if  this  be 
done  they  will  be  wilted  or  withered,  and  their  appearance  spoilt ;  this  is 
more  especially  the  case  when  they  are  kept  at  a  comparatively  high 
temperature.  On  the  other  hand  too  moist  an  atmosphere  and  high  a 
temperature  will  cause  the  apples  to  burst.  The  storage  of  apples 
may  be  effected  either  in  barrels  or  boxes,  or  in  bulk,  first-rate  results 
being  obtainable  with  all  provided  proper  precautions  as  to  tempera- 
ture and  moisture  are  taken. 

A  process  for  preserving  fruit  has  been  lately  invented  and  patented 
by  Mr.  A.  W.  Lawton,  which  is  said  to  have  proved  completely  satis- 
factory in  an  experimental  trial  of  twenty-one  days  with  tomatoes,  pine- 
apples, and  grapes. 

The  process  is  founded  upon  the  belief  that  fruit  is  provided  with 
breathing  cells,  which  breathe  air  in  a  similar  manner  to  the  human 
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being,  absorbing  oxygen  and  exhaling  carbonic  acid,  or  the  exact 
reverse  of  ordinary  plant  life.  The  oxygen,  when  inhaled,  combines 
with  the  sugar  or  carbon  which  is  contained  in  the  fruit,  thereby 
causing  self-consumption,  or  loss  of  substance.  In  order  to  prevent 
this  taking  place,  the  atmosphere  supplied  to  the  fruit  under  this  pro- 
cess is  deprived  of  most  of  its  oxygen,  by  which  means  it  is  claimed 
that  the  breathing  cells  of  the  fruit  becwne  partially  closed,  and  thus 
the  further  ripening  of  the  fruit  is  suspended. 

The  apparatus  employed  is  shown  in  Fig.  250,  am]  comprises  a 
chimney  or  flue  a,  a  stove  b,  an  air  filter  c,  and  an  air-tight  storage 
room  D  having  an  hermetically  closing  door  E.  As  sonn  as  the  fruit 
has  been  placed  in  the  room  d  it  is  sealed  up,  the  atmospheric  air 
driven  out,  and  replaced  by  a  sterilised  atmosphere  produced  and  main- 


Fig,  i  50.— Law  ton's  Apparatus  for  Preserving  Fruit.     Diagrammatical  Vie 


tmned  in  the  following  way : — By  means  of  an  ordinary  blower  or  fan 
F,  air  is  forced  through  a  stove  b  containing  red-hot  coke,  whereby 
the  oxygen  is  consumed,  and  any  germs  or  animalculfe  destroyed. 
The  gases  thus  produced  are  then  filtered  by  passing  through  the  air 
filter  C  and  cooled  before  entering  the  chamber  by  passing  over 
refrigerating  coils. 

Whilst  superintending  the  transportation  of  a  shipment  of  fruit  on 
board  the  S.S  Para,  preserved  by  this  process,  Mr.  Lawton  lost  his 
life  through  an  accidental  explosion  of  a  spare  store  of  chemicals, 
which  lamentable  accident  also  resulted  in  the  injury  trf  several  other 
persons,  and  in  considerable  damage  to  the  vessel. 

Among  a  few  of  the  claims  put  forward  by  the  inventor,  mention 
may  be  made  of  the  following,  viz.,  that  fruit  can  be  picked  ripe,  con- 
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sequently  perfect,  and  can  in  that  state  be  conveyed  to  this  country 
from  any  part  of  the  world,  and  stored  on  arrival  here.  When  finally 
exposed  for  sale  it  will  keep  for  a  long  period.  The  inventor  also 
states  that  the  process  is  simple  and  comparatively  inexpensive,  and 
that  it  can  be  applied  to  existing  refrigerating  installations  in  conjunc- 
tion therewith. 


Vegetables. 

Green  vegetables  generally  should,  like  green  fruit,  not  be  allowed 
to  wither 

Sound  onions  may  be  maintained  in  good  condition  in  cold  storage 
for  a  number  of  months  (six  or  seven),  but  care  must  be  taken  that 
when  placed  in  the  store  they  are  as  dry  as  possible,  and  for  this 
purpose  they  may  advantageously  be  exposed  to  a  dry  cool  wind  so  as 
to  give  up  most  of  their  moisture.  Onions  should  never  be  stored  in 
the  same  room  with  other  goods,  and  on  their  removal  the  room  must 
be  thoroughly  exposed  to  the  air,  well  scrubbed  out,  and  when  dry 
the  walls,  floor,  and  ceiling  should  be  whitewashed.  It  is  also  re- 
commended to  give  the  room  a  good  coat  of  paint  or  enamel  paint. 
Some  American  authorities  hold  that  if  a  room  has  been  once  used 
for  storing  onions  it  should  not  afterwards  be  employed  for  the 
storage  of  eggs,  butter,  or  other  articles  especially  susceptible  to 
odours. 

Parsnips  and  salsify  can  be  advantageously  kept  in  cold  storage 
under  the  same  conditions  as  onions,  with  the  exception,  however, 
that  they  will  stand  freezing  without  injury.  Asparagus,  cabbage,  car- 
rots, celeiy,  can  be  kept  with  little  humidity. 

In  the  following  table  will  be  found  the  temperatures  considered 
best  adapted  for  the  cold  storage  of  various  articles,  as  given  in  the 
first  and  second  eiiitions  of  "  Refrigerating  and  Ice-Making  Machinery,'' 
and  also  those  recommended  by  a  number  of  other  authorities,  arranged 
in  columns  for  convenience  of  comparison : — 
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CHAPTER  XVI. 
MARINE  REFRIGERATION. 

Carbonic  Acid  Machines. — Ammonia  Machines. — Cold- Air  Machines. — ^Anangement 
of  Cargo  Holds  and  Stores. — Ice-Making  on  Board  Ship. — Barges. 

Marine  refrigeration  offers  considerably  more  difficulties,  both  as  re- 
gards the  machinery,  and  likewise  with  respect  to  the  insulation  of  the 
cold  chambers,  than  is  the  case  with  land  installations. 

As  regards  the  machinery,  in  the  first  place,  the  space  at  command 
is  necessarily  limited,  and  consequently  it  is  absolutely  necessary  that 
the  design  should  be  such  as  to  occupy  the  minimum  of  room,  whilst 
affording  the  maximum  of  efficiency. 

The  agent  or  medium  employed  should  likewise  be  one  of  a  non- 
inflammable  nature,  and  also  one  having  no  deleterious  action  on 
copper,  which  metal  has  to  be  employed  in  the  condenser  in  order  to 
enable  sea  water  to  be  used  for  cooling  purposes. 

With  reference  to  the  insulation,  the  settlement  or  shaking  down 
due  to  the  continuous  vibration  experienced  on  ship-board  has  to  be 
contended  with.  For  this  reason  an  excellent  material  to  use  for  in- 
sulating purposes  in  marine  installations  is  what  is  known  as  "  Non- 
pareil "  cork,  which  is  largely  employed  in  the  American  Navy.  This 
material  consists  of  granulated  cork  made  by  compressing  cork  chips 
under  hydraulic  pressure  in  iron  moulds,  and  then  heating  the  mass 
while  in  the  mould  to  a  temperature  of  about  500°  Fahr.  This  treat- 
ment has  the  effect  of  liquefying  the  natural  gum  of  the  cork,  and 
forming  the  interstices  between  the  granules  into  small  closed  air 
spaces.  On  the  cooling  of  the  moulds  the  gum  hardens,  and  the  mass 
becomes,  as  it  were,  a  solid  sheet  of  cork.  The  weight  of  "  Non- 
pareil "  cork  is  only  one  pound  per  square  foot,  and  it  is  consequently 
about  the  lightest  insulating  material  in  use.  It  is  said  to  be  13  per 
cent,  superior,  as  a  non-conductor  of  heat,  to  hair  felt,  and  40  per 
cent,  superior  to  sawdust.  Slag,  or  mineral  wool,  or  silicate  cotton, 
is  also  used  very  extensively,  and  with  great  success  for  marine  work. 

As  regards  the  most  suitable  system  of  refrigerating  machine  for 
use  on  board  ship,  a  wide  diversity  of  opinion  still  exists.  In  spite 
of  comparing  unfavourably,  as  regards  efficiency,  with  machines  using 
agents  possessed  of  greater  latent  heat,  cold-air  machines  might  still 
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be  advantageously  used  for  short  voyages,  and  where  coal  could  be 
obtained  cheap.  There  are  no  chemicals  to  be  carried,  no  danger 
from  bursting  of  pipes  or  joints  giving  out,  and  the  machine  is  com- 
paratively simple  and  easily  managed. 

Of  machines  working  on  the  compression  system,  and  employing 
a  refrigerating  agent  of  a  more  or  less  volatile  nature,  carbonic  acid 
machines  offer  advantages  which  have  caused  them  to  be  very  largely 
employed  for  marine  purposes,  a  fact  which  has  been  proved  in  a  prac- 
tical manner  by  Messrs.  J.  and  E.  Hall,  Ltd.,  alone  having  fitted  oyer 
800  machines  working  on  this  system  on  board  ship. 

The  qualities  which  render  CO 2  particularly  suitable  for  use  on 
shipboard  are:  First,  that  this  agent  admits  of  a  much  smaller  com- 
pressor being  employed  relatively  to  the  refrigerating  power  produced ; 
second,  that  having  no  corrosive  action  on  any  of  the  metals,  it  thereby 
allows,  as  above  mentioned,  of  copper  being  used  in  the  condenser; 
and  third  and  lastly,  but  not  least,  it  is  not  only  non-inflammable,  but 
has  the  power  to  extinguish  fire,  and  is  therefore  perfectly  free  from 
danger  in  this  respect.  As  regards  the  danger  to  life  through  an 
escape  of  this  gas,  its  specific  gravity  being  greater  than  that  of  air 
(CO2  spec.  grav.  i'529  air  =  i)  causes  it  to  fall  to  the  lowest  level,  and 
in  practice  it  is  found  that  no  danger  is  to  be  apprehended  from  the 
escape  of  a  moderate  quantity  of  CO2  if  the  space  be  not  unduly 
confined,  and  is  fairly  well  ventilated.  For  this  reason  the  Board  of 
Trade's  instructions  to  surveyors,  issued  in  June,  1901,  re  refrigerating 
machines,  contains  'the  following :  "  The  surveyors  are  therefore  in- 
formed that,  unless  they  are  aware  of  any  special  reasons  to  the  con- 
trary, refrigerating  machines  in  which  carbonic  anhydride  is  employed 
as  the  working  agent  may  be  placed  in  the  engine  rooms  of  steam 
ships,  provided  the  weight  of  the  charge  which  would  be  released  by 
a  breakdown  of  the  machine,  or  of  one  portion  of  a  duplex  machine, 
does  not  exceed  200  lbs. 

"  When  it  is  proposed  to  fit  a  machine  using  a  greater  charge  than 
this  is  an  engine  room,  full  particulars  of  the  case,  including  size,  and 
method  of  ventilating  the  compartment,  and  weight  of  charge  pro- 
posed, should  be  submitted  for  consideration." 

The  principles  upon  which  the  marine  types  of  refrigerating 
machines  work  are  naturally  precisely  the  same  as  those  employed  for 
service  on  land,  and  therefore  the  differences  are  merely  of  a  struc- 
tural nature,  adapted  to  render  them  more  especially  suitable  to  the 
construction  of  vessels.  It  is  purposed,  therefore,  in  this  chapter,  to 
merely  give  a  few  examples  of  machines  especially  designed  for  marine 
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purposes,  referring  readers  for  further  particulars  as  to  the  special  dis- 
tinctive details  of  construction  adopted  by  the  various  makers  to  the 
more  lengthy  and  complete  descriptions  given  of  their  land  types  of 
machines. 

Fig.  251  shows  dne  of  J.  and  E.  Hall's  carbonic  acid  machines  of 
the  horizontal  duplex  marine  type,  which  has  been  especially  designed 
for  large  installations  on  board  ship.  This  machine  is  fitted  with  triple 
expansion  steam  cylinders,  the  high  and  intermediate  cylinders  being 
on  one  side,  and  the  low  pressure  cylinder  on  the  other,  and  it  has 
a  surface  steam  condenser  located  in  the  front  part  of  the  machine. 
The  two  machines  are  so  arranged  that  either  both  sides  can  be  worked 
together,  or,  if  desired,  one-half;  that  is  to  say,  one  compressor,  with 
its  condenser  and  evaporator,  can  be  disconnected,  when  the  other  half 
can  be  worked  by  itself,  it  being  seen  that  the  full  advantage  and 
economy  of  the  triple  expansion  engine  is  thus  retained.  The  duplex 
machine  is  claimed  to  give  all  the  security  of  two  independent 
machines  whilst  at  the  same  time  creating  a  great  saving  of  space. 

This  type  of  machine  is  also  built  in  pairs  mounted  upon  the  same 
base  or  bed-plate,  with  compound  steam  cylinders,  the  high  pressure 
cylinder  being  located  on  the  one  side,  and  the  low  pressure  cylinder  on 
the  other.  The  two  compressors  are,  in  this  type,  driven  by  tail-rods  from 
the  steam  cylinders,  and  the  cranks  are  placed  at  right  angles,  an 
arrangement  which  tends  to  ensure  an  even  turning  movement.  Each 
compressor  delivers  the  compressed  carbonic  acid  to  an  independent 
condenser,  which  is  usually  placed  in  the  base  of  the  machine,  and  in 
which  sea  water  is  circulated  round  the  condenser  pipes  through  which 
the  carbonic  acid  passes.  In  connection  with  each  side  of  the  machine 
a  separate  evaporator  or  refrigerator  is  provided,  which  consists,  as 
in  the  land  type,  of  coils  of  pipes,  in  which  the  liquid  carbonic  anhy- 
dride evaporates  or  gasifies,  and  which  coils  are  enclosed  in  a  steel 
casing,  in  which  the  brine  is  circulated  by  means  of  pumps.  The 
brine  thus  cooled  is,  in  one  arrangement,  circulated  through  electrically- 
welded  grids  of  piping,  each  containing  about  200  feet  of  pipe,  which 
grids  are  divided  into  sections,  each  section  having  a  separate  flow  and 
return  from  the  evaporator  or  refrigerator,  and  valves  being  provided 
for  regulating  the  quantity  of  cold  brine  in  each  section  as  required 
by  the  temperature  in  the  holds.  The  grids  are  placed  on  the  under 
side  of  the  decks  over  the  holds  to  be*  refrigerated,  preferably  between 
the  deck  beams,  so  as  to  occupy  no  valuable  space,  and  to  be  pro- 
tected from  damage. 

In  another  arrangement  the  brine  is  passed  through  a  suitable 
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batt»y  of  pipes,  over  which  eut  is  drawn  by  fans,  and  is  passed  through 
the  holds  to  be  cooled. 

In  Fig.  25Z  is  illustrated  one  of  the  vertical  duplex  marine  types  of 
machines  huilt  hy  the  same  finn.     This  pattern  of  machine  is  especi- 


Fig.  25*.— Hall  Vertical  Marine  Type  of  Steam-driven  Carbonic  Add 
Compression  Machine. 

ally  designed  for  preserving  provisions  on  passenger  steamers  and  on 
steam  yachts,  and  for  making  ice.  The  machine  is  fitted  with  com- 
pound steam  cylinders  and  two  compressors,  in  connection  with  each 
of  which  latter  is  a  condenser  and  an  evaporator  or  refrigerator,  there 
being  thus  two  entirely  independent  complete  carbonic  acid  machines, 
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either  of  which  can  be  disconnected,  and  the  remaining  machine  run 
with  the  compound  engine. 

Smaller  marine-type  machines  (Fig.  252*)  are  also  made  by  this  finn, 
having  a  single  vertical  steam  cylinder,  and  the  compressor  arranged 
alongside  of  it,  both  being  fixed  to  a  casting  containing  the  condenser 
coils,  which  latter  are  made  of  copper,  and  behind  which  casting  is 
another  secured  to  it,  and  containing  the  evaporator  or  refrigerator  coils. 

Turning  to  machines  working  on  the  ammonia  compression  system. 
Fig.  253  shows  a  marine  type  of  the  De  La  Vergne  machine.     It  is 


of  Slea 
erlLca!  C 

a  vertical  single-acting  compressor,  actuated  by  a  high  pressure  hori- 
zontal steam  engine,  fitted  with  a  special  governor,  which  admits  of 
the  steam  supply  being  determined  for  wide  ranges  of  speeds  wh«i 
required,  say  for  any  speed  between  30  and  300  revolutions  per  minute, 
without  interfering  with  the  running,  or  stopping  the  machine.  The 
construction  of  the  compressor  cylinder  is  identical  with  that  illustrated 
in  the  enlarged  sectional  view.  Fig.  17. 

In  the  marine  type  of  Linde  machine  a  single  compound  ammonia 
compressor  is  employed,  which,  as  in  the  case  of  the  land  type  of 
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mactune,  is  aJso  driven  by  means  of  a  tandem  compound  engine.  The 
ammonia  condenser  is  situated  below  the  compressor,  and  is  fitted  with 
sets  of  endless  coils  or  worms.  By  the  use  of  a  compound  comjH-essor, 
that  is  to  say,  one  wherein  the  compression  of  the  ammonia  gas  is 
effected  in  two  stages,  the  loss  from  re-expansion  of  gas  left  in  the 
clearances  is  completely  got  rid  of,  as  such  loss  is  experienced  in  the 


low  pressure  compressor  cylinder  only,  none  taking  place  in  the  high 
pressure  compressor  cylinder. 

Figs.  254  and  255  show  two  ammonia  machines  of  the  horizontal 
marine  type,  designed  by  Mr.  S.  Piiplett,  the  first  being  a  horizontal 
ammonia  compressor  connected  with  a  vertical  engine,  all  mounted 
upon  the  same  bed-plate,  and  the  second  a  compact  form  of  horizontal 
belt-driven  ammonia  compressor,  especially  designed  for  marine  work. 
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Fig.  256  shows  a  vertical  self-contained  marine  type  of  a 
compression  machine  made  by  the  Haslam  Foundry  and  Engineering 
Company,  Limited,  Derby.     As  will  be  seen  from  the  illustration  the 
ammonia  compressor,  steam  engine,  separator,  condenser,  receiver,  and 
water  pump  are  all  mounted  on 
the  same  bed  or  base-plate,  and 
the   design  "is   such   that   they 
occupy  as  small  an  amount  of 
space   as   possible,  and  form  a 
completely     self-contained     ap- 
paratus.     The  bed-plate  is  of 
cast-iron,  circular  in  form,  con- 
tains  the    ammonia    condensing 
coils,  and  is  made  in  two  parts ; 
the  back  part  being  readily  re- 
movable for  giving  access  to  the 
condensing    coils    for    cleaning 
and    examination.       The    front 
part  is  strongly  constructed  and 
Fig.  254.— Puplett  Horizontal  Marine    provided  with  ribs,  facings,  and 
Type  of   Sleam-dnven    Araraooia   Com-     ,        ,  .  , 

pression  Machine.  brackets    to   receive    the   steam 

cylinder,    ammonia    compressor, 
crank-shaft,  and  other  working  parts  of  the  machine 

A  water  pump,  shown  on  the  right-hand  side  of  the  illustration, 
and  worked  by  a  disc  crank  on  the  end  of  the  crank-shaft,  is  provided 
for       circulating       water 
through     the     condenser, 
and  when  desired  a  brine 
pump  is  a  J  so  fitted. 

This  machine  is  made 
in  sizes  from  half-ton  ice- 
making  capacity  per  day, 
up  to  three  tons  ice- 
making  capacity  per  day. 
The  three-ton  machine  will 
maintain    from    16,000    to 

taoDO    cubic    ft     at    11°       Fig- Z55-—P"plell  Horizontal  Marine  Type  of 
32,000    CUDIC    It.    at    32  Belt-driven  Ammonia  Compression  Machine. 

Fahr.  m  ordinary  storage, 

and  requires  9  I.H.P.  in  a  temperate  chmate  and  10^  I.H.P.  in  a  hot 
climata  Three  hundred  gallons  of  condensing  water  are  required  per 
hour,  55°  on  and„8o' off.     The  weight  of  the  machine  is  103  cwts., 


— Haslam  Vtrtical  Self- con lainei]  Manne  Type  of  Steam-diivea  Ammonia 
Compression  Machine. 

[To  face  p.  364. 
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and  the  dimen^ons  6  ft  8  in.  in  depth,  6  ft.  in  width,  and  7  ft.  8  in.  in 

^'g-  *57  is  311  illustration  showing  the  latest  horizontal  marine  type 
of  Haslam  compouiid  ammonia  compressor.  This  machine  con^sts  of 
a  ccMDpound  engine,  and  compound  ammonia  compressors,  the  gas 
being  thus  comi^essed  in  two  stages.     The  whole  is  mounted  upon  a 


Figs.   158  and  259.— Kilboum  Horiiontal  Self-conlaiDed  Marine  Type  of  Steam- 
dri-ven  DoQble-aclmg  Ammonia  Compressor.    Plan  and  Elevation  partly  io  Section. 

castiiwi  bed  plate  which  in  tum  is  mounted  upon  a  wrought-iron  tank 
which  latter  contains  the  ammonia  condenser  coils. 

The  system  of  cooling  employed  with  this  machine  is  either  brine 
pipes  placed  in  the  holds,  or  the  air-blast  system;  an  installation  on 
the  latter  plan,  which  has  been  recently  put  into  the  New  Zealand 
Shipping  Co.'s  steamer  Ruapehu,  consists  of  a  series  of  direct  expansion 
cooling  pipes  or  cmls,  placed  in  nests,  over  which  the  air  is  circulated 
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by  means  of  a  powerful  fan.  The  air  is  cooled  in  pasang  through  the 
coils  to  any  desired  temperature,  is  then  circulated  through  the  holds, 
and  then  returned  ag^n  to  the  fan. 

Figs.  258  aivl  ZS9  show  in  plan  and  in  elevation,  partly  in  vertical 
section,  a  self-contained  marine  type  of  horizontal  double-acting  am- 
monia compressor  and  vertical  steam  engine,  wi  the  Kilboum  system, 
which  is  esttensively  used  on  American  steamers.  Fig.  260  shows  a 
belt-driven  Kilboum  marine  type  ammonia  compression  machine. 

This  double-acting  horizontal  ammonia  compression  machine  is 
driven  by  a  vertical  engine,  which  is  fixed  upon  the  same  base  or 
bed-plate  in  such  a  manner  as  to  render  the  complete  machine  very 
compact  in  design,  one  of  sufiB- 
cient  power  to  keep  a  storage 
capacity  of  22,000  to  26,000 
cubic  ft.  at  a  suitable  tempera- 
ture for  chilled  beef,  40,000  to 
44,000  ft.  for  frozen  mutton,  on 
of  making  about  6  tons  of  ice 
per  day  of  twenty-four  hours, 
requiring  only  a  floor  space  of 
10  ft  by  10  ft.,  including  that 
required  for  both  the  refrigera- 
tor and  the  condenser. 

The    compression    cylinders 
are    inclosed    in    water-jackets, 
and  are  fitted  with  Webb's  patent 
Fig.  360.— Kilboum  Horizon laJ  Double-      arrangement  of  sucti(M»   valves. 
2'a"piS,?:""°""""'""°*"°'°'      The  .tuffing  bo,es  and  glajids 
are    of    the    Kilboum    double 
pattern,  that  is,  each  box  is  formed  with  a  chamber  placed  centrally 
therein,  and  into  which  oil  is  injected  constantly  for  sealing  purposes 
by  a  small  force-pump  fixed  on  the  side  of  the  bed-plate,  and  worked 
from  a  lever  connected  to  the  compression  pump  cross-head.     The 
steam  cylinder  piston-rods  are  coupled  by  means  of  forked  connecting- 
rods  to  the  same  crank-pins  as  those  of  the  compression  pumps. 

Improved  forms  of  gas-tight  joints  and  of  a  stop-cock  or  valve, 
which  will  be  found  described  on  pages  227,  235,  and  236,  have  been 
also  devised,  and  were  patented  in  1882  by  the  same  inventor. 

The  arrangement  of  the  machine  illustrated  in  Fig.  260  is  very 
compact,  having  been  designed  with  that  end  more  especially  in  view, 
and  for  which  purpose  the  ammonia  condenser  is  placed  underneath 
the  compressor. 
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Figs.  261  and  262  show,  in  plan  and  sectional  elevation^  the  marine 
type  of  condenser  used  in  conjunction  with  these  machines. 

The  cargo  holds  of  the  steamships  Campania  and  Lucania  are 
refrigerated  with  machines  of  the 
Kilboum  type.  The  meat-carrying 
chambers  in  each  of  these  vessels 
consists  of  three  chambers  situ- 
ated forward  on  the  orlop  or  lower 
deck,  and  having  a  total  capacity 
of  20,000  cubic  ft.,  which  renders 
them  able  to  carry  2,700  quarters 
of  beef.  The  chambers  are  very 
carefully  insulated,  the  walls  con- 
sisting, as  shown  in  Fig.  263,  first 
of  a  double  thickness  of  tongued 
and  grooved  boards,  a,  a,  having 
a  layer  of  w^aterproof  paper  b  be- 
tween them,  next  a  2  in.  layer  of 
good  quality  hair  felt,  c,  and 
another  double  thickness  of 
tongued      and     grooved      boards, 

D,  D,  with  a  similar  layer  of  paper, 

E,  between  them,  and  finally  an 
inch  air  space,  f,  between  the  latter 
and  the  inner  or  iron  deck,  the 
whole  being  well  varnished.  The 
brine  cooling  pipes,  which  are  of 
heavy  2-in.  galvanised  tube  with 
malleable  cast  return  bends,  are 
placed  on  the  ceiling  between  the 
deck  beams,  thus  economising 
head  room,  and  the  rails  for  the 
meat-hooks  are  of  i}i  in.  gal- 
vanised round  iron,  firmly  clipped 


CZ! 
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to  the  beams  supporting  the  decks.    A^'onfa  Conln^s'^  "Hr^JK-' 

The  meat  hooks  which  are  placed    tion,  partly  in  Section. 

upon  the  latter,   for  carrying  the 

quarters  of  beef,  are  of  steel  galvanised.     Thermometer  tubes  from  the 

upper  deck  are  provided  to  each  chamber,  so  that  the  temperature  may 

be  ascertained  in  any  part  of  the  chamber,  when  desired. 

Fig.  264  is  a  plan  showing  the  general  arrangement  of  the  machine 
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room.  A  pair  of  compressors  are  ^i^ojed.  a,  a,  are  the  steam 
engine  cylinders;  B,  b,  the  compression  cylinders;  c,  c,  the  ammonia 
condensers;  d,  d,  the  liquid  ammonia  reservoirs ;  e,  e,  the  refrigerators; 
F  is  a  brine  circulating  pump  of  the  duplex  pattern;  g  is  a  manifold 
or  distributing  pipe  to  the  di£Ferent  cooling  pipes  in  the  chambers;  h 
is  the  coUecting  pipe  at  the  top  <rf  the  refrigerator.  It  will  be  seen 
that  the  cold  parts  of  the  machine  are  enclosed  in  a  separate  chamber 
having  walls  insulated  in  a  similar  manner  to  those  of  the  meat-caiiying 
stores  or  chambers,  thereby  preventing  as  far  as  practicable  loss  through 
absorption  qf  heat 

The  compressors  are  of  an  ice-producing  capacity  of  12  tons  a  day, 
the  compression  cylinders  being  6  in.  in  diameter  by  12  in.  stroke^ 
and  the  steam  cylinders  8  in.  diameter  by  12  in.  stroke. 

The  ammonia  condensers  c,  which  are  more  clearly  shown  in 
Figs.  261  and  262,  are  constructed  of  a  cylindrical  form,  the  shells  being 
made  of  wrought-iron,  and  the  covers  of  cast-iron,  and  they  are  fitted  with 
concentric  coib  of  i^  in.  galvanised  iron  pipe,  connected  together 
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Hg.  263.— Insulation  of  Cargo  Holds  on  board  ^TjCampania  and  Lucania. 

Transi'CTse  Section. 


at  their  extremities  by  means  of  tee-pieces  made  of  malleable  castings. 
The  ammonia  c<Hidensers  are  in  this  case,  moreover,  carrfully  lagged 
with  teak  wood.  The  water  for  use  in  the  ammonia  cond^isers  c  is 
supplied  and  circulated  by  means  of  a  duplex  steam  pump  (not  shown 
in  the  drawing),  located  in  the  forward  boiler-room  of  the  steamship. 
The  ammcxiia  gas  after  compression  in  the  compresscKS  b,  and  lique- 
faction in  the  condensers  c,  under  the  combined  pressure  of  the 
pumps  or  compressors  b,  and  the  cooling  action  of  the  condensing 
water  circulating  on  the  exterior  of  the  coils  or  worms  in  the  condensers, 
is  delivered  to  the  reservoirs  d  for  the  liquefied  ammcxiia,  through  small 
bore  pipes.  From  these  reservoirs  the  liquid  ammonia  is  admitted 
through  suitable  graduated  expansion  or  regulating  valves  to  the  lower 
ends  of  the  expansion  coils  in  the  refrigerators  £,  wherein  the  liquid 
ammonia  again  vaporises  or  gasifies,  abstracting  the  heat  required  for 
this  process  from  the  brine  surrounding  the  expansion  coils,  and  being 
again  returned  to  the  compressors,  and  so  on  ad  infinitum  in  the 
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manner  already  described.     The  absolute  working  pressure  in  the  refri- 
gerates is  about  30  lbs.  per  square  inch. 

The  brine  having  been  reduced  to  the  desired  temperature  in  the 
refrigerators,  passes  into  the  system  of  brine  circulating  pipes,  and 
maintains  the  atmosphere  of  the  cold  stores  or  chambers  at  a 
temperature  suitable  for  the  proper  preservation  of  the  meat  The 
circulation  of  the  brine  is  effected  by  the  brine  pump  f,  which  draws 
the  cooled  brine  from  the  bottom  of  the  refrigerators  e,  and  dischai^es 


Fig.  364.— Plan  of  Refrigeraling  Machine  Knom  on  Cunard  Steamers. 

it  through  the  distributing  tee-piece  and  valves,  or  manifold  G,  to  the 
different  sections  of  the  cooling  pipes  in  the  chambers,  and  returns 
it  through  a  similar  tee-piece,  manifold  ot  distributor  h  to  the  top 
of  the  refrigerator  to  be  again  cooled.  The  return  brine  pipes  are 
each  fitted  with  a  regulating  vaJve  and  a  thermometer. 

The  cold  air  or  provision  stores  or  chambers  on  .board  of  the 
Campania  and  Lucania  are  fitted  up  ivith  refrigeraling  plants,  on  the 
De  La  Vergne  ammonia  compression  system. 


J70  REFRIGERATION  AND  COLD  STORAGE- 

The  refrigeration  is  effected  on  the  brine  circulatimi,  and  not  upon 
the  direct  expansion  system,  a  solution  of  calcium  chloride  being  the 
agent  or  meiiium  employed,  and  this  solution  is  reduced  to  a  very 
low  temperature  in  the  usual  manner,  by  the  expansion  of  the  ammonia 
gas  or  va,pour,  in  coils  or  pipes  submerged  therein,  and  is  circulated 
by  a  special  pump  through  the  system  of  cooling  or  refrigerating  pipes, 


which  latter  are  fixed  to  the  underside  of  the  roof  or  ceiling  of  the 
cold  store  or  chamber. 

The  method  employed  for  the  insulation  of  the  store  or 
chamber  is  shown  in  Figs.  265  and  266,  which  are  vertical  sec- 
tions through  the  roof  or  ceiling  thereof,  a,  a,  are  the  refrigerating 
pipes;  B,  B,  the  meat  rails;  c  is  a  filling  of  sawdust;  d,  d,  are  layers 


a  and  Lucania. 

or  skins  of  tongued  and  grooved  boarding ;  e  is  a  layer  of  hair  felt ;  and 
F,  F,  are  layers  of  tarred  water-proof  paper.  The  brine  pipes  are 
divided  into  two  sections  or  sets,  thereby  admitting  of  any  necessary 
repairs  being  effected  in  one  section,  without  in  any  way  interfering 
with  the  circulation  of  the  cold  brine  through  the  other  section,  and 
special  means  are  also  provided  for  withdrawing  the  brine  from  one 
set  or  section  without  interfering  with  the  working  of  the  other. 

The  ammonia  compressor  is  of  the  vertical  single-acting  type,  and 
is  actuated  by  a  high  pressure  horizontal  steam  engine.     The  com- 
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pressor  cylinder  is  4J4  in.  in  diameter,  by  9  in.  stroke,  and  the  steam 
engine  is  of  2]^  horse-power,  and  is  fitted  with  a  special  governing 
arrangement,  by  means  of  which  the  steam  supply  is  determined,  the 
speed  being  capable  of  variation  witlin  a  wide  range  (say  between 
30  to  300  revolutions)  without  interfering  with  the  running  of  the 
machine.  The  construction  of  the  compressor  is  substantially  similar 
to  that  described  with  reference  to  Fig.  253,  and  the  oil  separator 
and  other  parts  only  differ  from  the  arrangement  shown  in  the  general 
view  of  a  complete  installation  shown  in  Fig.  19,  in  that  the  ammonia 
compressor  is  of  the  single-acting  type,  and  by  reason  of  the  smaller 
capacity  of  the  present  plant,  and  the  absolute  necessity  on  shipboard 
for  economising  every  cubic  inch  of  room  possible.  The  operation 
of  the  apparatus  is,  how^ever,  in  every  way  identical,  and  the  descrip- 
tion of  the  complete  installation  will  apply  equally  well  in  this  case. 

The  machine  is  capable  of  making  5  cwt  of  ice  daily,  in  addition 
to  the  performance  of  the  refrigeration  required  in  the  cold  storage  or 
provision  chamber. 

As  has  been  already  mentioned,  in  spite  of  their  inferior  efficiency, 
in  certain  cases  cold-air  machines  can  be  used  to  some  advantage,  on 
board  men-of-war  for  instance,  which  vessels  remain  at  sea  for  some 
years,  and  a  difficulty  might  be  experienced  in  obtaining  carbonic  acid, 
or  other  volatile  agent. 

Fig.  267  illustrates  a  Hall  vertical  marine  type  of  steam-driven  cold- 
air  machine,  fitted  with  compound  steam  cylinders,  which  is  the  pat- 
tern of  machine  supplied  by  Messrs.  J.  and  E.  Hall,  Limited,  to  H.M. 
Admiralty,  and  to  other  navies.  Another  marine  type  of  air  compres- 
sion refrigerating  machine,  made  by  the  above  firm,  is  of  a  horizontal 
pattern,  also  fitted  with  compound  steam  cylinders. 

Figs.  268  and  269  show  twa  recently-designed  marine  types  of  Has- 
lam  cold-air  machine.  That  shown  in  Fig.  268  is  from  a  photograph 
of  one  of  two  similar  machines  recently  supplied  to  His  Majesty's 
yacht.  Fig.  269  is  a  pattern  which  has  been  supplied  to  the  British 
Admiralty  for  the  manufacture  of  85  lbs.  of  ice  per  day  of  twelve 
hours  on  warships. 

In  a  marine  installation  the  pipe  or  trunk  for  admitting  the  cold 
air  is  usually  fixed  along  one  side  of  the  cold  store  or  chamber  in  the 
hold,  as  near  the  top  or  ceiling  as  possible,  the  return  pipe  or  trunk 
being  placed  at  the  opposite  side  of  the  chamber.  As  in  land 
installation,  the  inlet  trunk  or  pipe  is  fitted  with  a  number  of  apertures 
governed  by  sliding  doors ;  these  are  only  opened  to  a  very  slight 
extent  at  the  end  nearest  the  machine,  and  gradually  more  and  more 
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as  they  approach  the  end  furthest  therefrom,  thus  equalising  the  teiD- 
perature  in  the  chamber. 


U  , 

Fig.  267. -Hal]  Vertical  Marine  Type  of  Sleam -driven  Cold-air  Machine. 
The  most  important  point  is  to  ensure  the  colil  air  being  thoroughly 
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drculated,  and  penetrating  every  portion  of  the  chamber,  and  ther- 
niMneters  should  be  hung  in  different  positions  therdn  to  form  a  check 


Fig.  2bS.— Haslam  VeKical  Marine  Type  of  Steam-driven  Cold-air  Macbine. 

to  the  deck  pipe  ones.     Where  a  cold-air  machine,  unprovided  with  a 
special  arrangement  for  drjing  the  air,  is  used,  the  snow  box  must  be 
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cleared  out  repeatedly,  to  prevent  the  passages,  and  also  the  slide 
valve  ports,  from  becoming  blocked  up,  and  the  trunk  or  inlet  pipe 
most  be  cleared  once  a  day  or  oftener. 

For  marine  purposes  the  cold-air  refrigerating  machine  was  first  in 
the  field,  and  is  still  preferred  before  ilther  systems  by  many  engineers. 


and  by  the  Admiralty;  but  owing  to  certain  defects  in  the  earlier 
machines,  other  systems  have  been  tried.  The  difficulty  with  any  new 
system  is  the  necessity  for  carrying  a  considerable  store  of  chemicals, 
and  serious  accidents  have  resulted  from  the  use  of  these  machines  on 
ship  board.*  There  is  also  the  danger  of  runrung  short  of  these 
"  Vidi  leading  article  in  ''  The  Engineer,"  3rd  Januar}-,  1902. 
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chemicals  by  any  accident  to  the  vessels  in  which  they  are  stored. 
Now,  with  cold-air  machines  no  chemicaJs  are  required,  the  pressures 
adopted  are  low,  and  possibility  of  accident  to  the  machine  is  even 
more  remote  than  accident  to  the  main  propelling  engines. 

A  nsw  cold-air  machine  has  recendy  been  designed  by  Messrs. 
T.  and  W.  Cole,  Ltd.,  to  overcome  the  defects  of  the  earlier  machines 
of  this  type,  in  which  each  defect  has  been  combated  with  marked 
success,  as  described  in  previous  chapters. 

Previous  to  storing  the  carcasses  in  the  cold  storage  space,  a 
thorough  inspection  thereof  should  be  made,  and  any  damage  to  the 


walls  made  good.  When  the  cold  storage  space  is  filled,  the  hatches 
should  be  made  tight  by  caulking  with  oakum,  or,  preferably,  they 
should  be  fitted  with  indiarubber  insertions,  which  afford  a  greater 
certainty  of  air-tight  joints  being  made. 

An  arrangement  of  a  small  cold  storage  chamber,  such  as  is  very 
frequently  constructed  on  board  a  large  passenger  steamer,  is  shown 
in  sectional  plan  in  Fig.  270.  The  refrigeration  is  effected  by  means 
of  a  Lightfoot,  Haslam,  or  other  cold-air  machine  of  the  vertical  type. 

The  arrangement  of  this  cold  storage  chamber,  which  is  prac- 
tically similar  to  that  of  those  used  on  the  passenger  steamers  of  the 
Peninsular  and  Oriental  Company,  will  be  very  readily  understood  from 
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the  drawing,  wheran  a  is  the  meat  room,  the  temperature  of  which  is 
kept  down  to  about  30°  Fahr.,  and  wherein  are  situated  the  ice- 
making  or  freezing  tank  B,  the  ice  cans  or  cases  b'  b',  and  the  ice 
store  C.  D  is  the  vegetable  room,  wlucb  b  maintained  at  a  tempa^ture 
of  about  40°  Fahr.,  and  in  which  are  placed  the  water-cooler  e,  wine 
closet  or  cooler  f,  and  hanging  room  C. 

It  is,  (rf  course,  obvious  that  the  ice-making  or  congealing  tanks 
or  boxes,  employed  on  shipboard,  must  be  considerably  modified  in 
order  to  provide  for  the  moticm  of  the  vessd.  In  Fig.  271  is  shown 
in  plan,  and  in  longitudinal  and  transverse  section,  a  t}'pe  of  marine 
ice-making  box  or  tank  designed  by  Mr.  Kilboum,  and  installed  by 
him  on  the  International  Navigation  Company's  vessels  St.  Louis  and 


Fig.  471. — Ice-malung  or  Congealiiif:  Tanks  or  Boies  for  use  on  Shipbo.ird. 

5/.  Paid.  In  the  left-hand  top  comer  of  the  illustration  is  shown  an 
end  view  of  the  refrigerating  coils. 

Carcasses  should  be  packed  as  close  together  as  possible,  consistent 
with  safety,  a  space  being  left  round  the  sides  for  the  circulation  of  the 
cold  air. 

The  proper  stowage  of  a  fruit  ca^o  in  the  cold  store  or  chamber 
is  likewise  a  matter  that  must  be  carefully  attended  to,  in  order  to 
ensure  its  arrival  at  its  destination  in  good  condition.  The  essential 
point  to  be  insisted  upon  Is  that  clear  spaces  or  clearances  of  at  least 
J-i  in.  be  left  between  each  tier  of  cases,  and  between  the  said  cases 
and  the  bottom,  sides,  and  ceiling,  of  the  rhamber.     These  clearances 
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can  be  managed  by  the  insertion  of  laths  <rf  a  suitable  thickness  be- 
tween the  cases.  Passages  should  be  also  provided  for  admitting  of 
inspections  of  the  state  of  the  fruit  being  made  during  the  voyage. 

The  best  temperature  to  maintain  for  fruit  is  one  of  from  45° 
to  55°  Fahr.,  and  this  should  be  evenly  kept  up  throughout  the  entire 
cargo.  It  must  be  borne  in  mind  that  the  slightest  degree  of  frost 
will  destroy  a  whole  cargo  of  fruit  It  will  generally  be  found  sufl5- 
cient  to  run  the  refrigerating  machine  about  twelve  hours  per  day  in 
hot  latitudes  and  six  hours  per  day  in  cooler  ones. 

It  is  most  important  that  the  temperature  should  not  be  permitted 
to  vary  to  any  great  extent  during  the  voyage,  and  as  considerable  diffi- 
culty is  experienced  in  attaining  this  end,  it  is  desirable  to  provide  a 
check  upon  those  in  charge.  For  this  purpose  a  thermograph,  or  self- 
registering  thermometer*  is,  or  ought  to  be,  provided  in  connection  with 
each  chamber  fitted  for  the  carriage  of  fruit,  so  that  an  accurate  record 
may  be  kept  of  the  actual  changes  of  temperature  that  have  taken 
place  during  the  voyage,  and  it  can  be  seen  at  a  glance  on  arrival 
whether  the  fruit  has  been  carried  under  proper  conditions  or  other- 
wise. 

Barges. 

An  important  type  of  portable  refrigerator  is  that  adapted  to  meet 
the  requirements  of  barges  which  it  is  desirable  to  maintain  at  a  low- 
temperature  without  encumbering  them  with  machinery,  or  rendering 
in  any  way  necessary  the  employment  of  special  labour  to  take  charge 
of  the  same. 

The  frozen  meat,  as  a  rule,  arrives  in  good  condition  on  board  the 
vessels,  and  deterioration  in  quality  usually  takes  place,  as  has  been 
already  mentioned,  during  its  transference  to  the  cold  stores  on  land, 
and  again  during  the  subsequent  delivery  thereof  to  the  retailer,  when 
the  meat  is  exposed  to  temperatures  frequently  much  higher  than 
what  is  required  to  preserve  it  in  good  condition.  The  Pulsometer  En» 
gineering  Company,  Limited,  claim  to  have  devised  a  successful  system 
of  refrigeration  for  barges. 

Since  the  beginning  of  1888,  moreover,  the  London  and  Tilbury 
Lighterage  Company,  Limited,  have  had  barges  fitted  with  special 
refrigerating  apparatus  successfully  plying  upon  the  Thames,  the  meat 
landed  by  them  being  invariably  in  good  condition,  and  not  infre- 
quently at  a  lower  temperature  then,  than  when  first  discharged  from 
the  vessel. 

•  For  description  of  thermograph  or  .self-registering  thermometer  see  page  496. 
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Industrial  and  Manufacturing  Applications. 

Uses  are  now  made  of  refrigeration  in  many  manufactures  and  indus- 
tries, besides  that  c^  its  more  legitimate  and  important  application  to 
the  preservation  of  various  provisions  of  a  perishable  nature^  which 
latter  has  been  already  dealt  with,  so  far  as  space  would  allow,  in  pre- 
ceding chapters.  All  the  systems  hereinbefore  described,  with  the  ex- 
ception of  the  first,  or  that  wherein  the  abstraction  of  heat  is  effected 
by  the  more  or  less  rapid  dissolution  or  liquefaction  of  a  solid,  are, 
to  a  greater  or  less  degree,  advantageously  applicable  for  this  purpose 

Although  the  preservation  of  organic  substances  was  the  first  known 
and  the  most  obvious  use,  the  successful  application  of  artificial  refri- 
geration to  a  process  of  manufacture  is  somewhat  older  than  that  to 
the  preservation  of  provisions,  a  Harrison  ether  machine  having  been 
erected  at  Truman,  Hanburv*,  and  Co.  s  brewerv"  about  1856,  which 
machine  was  stated,  at  a  meeting  of  the  Institution  of  Mechanical  En- 
gineers, held  in  1886,*  to  be  still  at  work  and  acting  efficiently.  A 
machine  c^  the  same  tvpe  was  also  said  to  have  been  put  up  by  A.  C. 
Kirk  in  i86i,t  who  employed  it  for  the  extraction  of  solid  paraffin 
from  shale  oil. 

The  application  of  a  refrigerating  machine  to  the  cooling  of  choco- 
late during  the  process  of  manufacture  was  first  made  by  J.  S.  Fry  in 
1 882,  J  in  which  year  he  employed  one  of  Lightfoot's  double  expansion 
horizontal  cold-air  machines,  and  was  enabled  to  jMroceed  without 
interruption  throughout  the  whole  year  with  work  that  had  previously 

•  *'  Proceedings,  Institution  of  Mechanical  Eogineeis,"  i8iJ6,  p.  246- 

t  Ibid.^  p.  231. 

J  **  Proceedings,  In>titalion  of  Mechanical  Enjnneere,"  1886,  p.  236. 
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to  be  suspended  during  the  hot  weather.  Since  that  time  the  use  of 
refrigerating  machines  in  chocolate  works  has  become  almost  universal 
A  great  saving  in  chocolate  manufacture  is  likewise  e£Fected  by  the 
rapid  solidification  which  is  rendered  possible,  and  the  waste  thus 
avoided;  and  furthermore,  as  the  chocolate  leaves  the  moulds  readily 
and  intact,  a  considerably  fewer  number  of  the  latter  are  required  to  do 
the  same  amount  of  work. 

Another  important  a|^lication  of  refrigerating  machinery  is  to  con- 
structional work,  such  as  the  formation  of  tunnds,  the  sinking  of  shafts, 
wells,  laying  of  foimdations,  etc. 

Chocolate  Manufacture. 

The  cold-air  machine  is  well  ada]>ted  for  chocolate-cooling,  pro- 
vided only  that  the  air  be  dry,  an  achievement  claimed  by  the  inventors 
for  the  "  Arctic  "  machine  and  Messrs.  Cole  have  applied  it  to  several 
chocolate  factories  with  complete  success.  An  advantage  of  this  sys- 
tem is  that  whilst  some  forms  of  refrigerating  machines  only  very 
partially  dry  the  air,  and  that  inside  the  room,  by  deposition  of  frost  on 
brine  pipes,  or  producing  a  current  of  air  over  brine-wetted  surfaces, 
the  "  Arctic  "  cold-air  machine  acts  upon  the  air  before  delivering  it  to 
the  cold-room,  or  other  apparatus,  and  thus  the  moisture  is  deposited 
outside  of,  and  away  from,  the  cold-room.  There  is  also  the  further 
advantage  of  there  being  no  brine  pipes  on  which  to  deposit  frost, 
which  may  drop  on  to  the  chocolate  trays,  etc.,  and  requires  the  pro- 
vision of  special  draining  gutters,  all  of  which  apparati  are  frequently 
more  or  less  imperfect  in  their  action. 

A  rotary  chocolate  cooler  of  very  ingenious  construction  has  been 
lately  devised  by  Mr.  J.  C.  Broadbent  and  Mr.  J.  McRae,  by  means 
of  which  it  is  claimed  that  the  chocolate  during  the  process  of  becom- 
ing solid  is  preser\'ed  from  any  moisture,  a  difficulty  which  the  inventors 
state  has  not  been  overcome  in  any  of  the  apparatus  hitherto  designed. 

Broadbent  and  McRae's  apparatus  consists  of  a  series  of  chambers 
revolving  on  a  central  prvot.  The  cooler  is  cylindrical,  with  a  diameter 
of  about  10  ft.  and  a  height  of  8  ft.  The  outside,  that  is,  the  case,  is 
constructed  of  wood,  and  insulation  is  secured  by  the  use  of  silicate 
cotton.  The  circular  basis  of  the  apparatus  is,  of  course,  furnished 
with  a  like  insulating  substance.  The  upright  steel  axle  is  2%  in. 
in  diameter,  and  round  this  revolve  the  sets  of  shelves.  Every 
set  of  shelves  is  fitted  with  wooden  sides,  so  that  these  form  in  the 
outer  shell  six  perfectly  isolated  and  refrigerating  compartments,  the 
whole  being  furnished  with  a  toothed  revolving  gear  connected  by  a 


38o  REFRIGERATION  AND  COLD  STORAGE. 

hand  wheel  situated  at  the  front  c^  the  machine.  The  chambers  are 
pcoTided  with  an  arrangement  of  spaces  for  coofing  by  brine  These 
have  to  be  put  in  position  when  the  cooler  is  to  be  used,  so  that  none 
of  their  number  can  coincide  with  the  door  space  of  the  cocker  itself. 
The  shaves  oi  each  compartment  in  the  cooler  run  2  ft  9  in.  long  by 
I  ft.  9  in.  wide.  Of  these  compartments  there  are  six,  with  a  space 
of  5  in.  between  each.  The  special  trays  on  each  shelf  are  adjusted 
to  carry  from  10  to  15  lbs.,  but  where  it  is  required,  by  a  simple 
change,  blocks  of  any  size  can  be  cooled. 

The  ordinary  capacity  oi  an  apparatus  of  the  above  dimensions  is  30 
cwt  a  day,  but  a  much  greater  capacity  can  be  had  when  desired.  One 
of  the  advantages  claimed  for  this  apparatus  is  that  no  fastenings  are 
needed.  It  is  constructed  on  the  wefige  principle;,  and  hence  all  the 
doors  close  automatically  tight.  The  apparatus  is  so  ingeniously  arranged, 
that  when  the  compartments  revolve,  and  one  of  them  arrives  at  the 
door  space,  and  the  door  is  opened,  elliptical  shutters  are  auto- 
matically operated  so  as  to  cause  the  sides  of  the  compartment  to  fit  so 
perfectly,  that  the  rest  of  the  cooler  remains  completely  isolated  from 
the  air.  In  point  of  fact  the  door  may  be  left  open  at  any  time  without 
there  being  the  slightest  change  in  the  temperature  of  any  of  the 
other  compartments.  Then  again  the  top  and  bottom  shutters  of 
each  division  are  absolutely  self-acting — automatic,  in  fact — and  thus 
render  the  compartment  entirely  air-tight.  Another  ingenius  point  is 
that  the  upper  and  lower  ends  of  the  several  compartments  are  so 
made  that,  as  the  shelves  rotate,  the  upper  and  lower  divisions  open 
on  the  parallel  lever  system,  and  directly  rotation  ceases  they  shut. 
A  Steinle's  thermometer  keeps  a  record  of  the  temperature  inside  the 
cooler  and  is  read  on  the  outside.  There  is  also  an  ingenious  plan 
by  which  the  contents  of  the  cooler  is  indicated.  The  circular 
top  is  graduated  by  six  marks  numbered  from  one  to  six,  corresponding 
to  the  six  compartments.  In  order  to  charge  and  uncharge,  the  wheel 
beside  the  door  of  the  cooler  is  simply  turned  until  the  required 
number  coincides  with  a  fixed  pointer  in  the  front.  A  convenient 
arrangement  is  provided  for  marking  the  time  at  which  the  diflferent 
compartments  are  charged,  and  a  timepiece  is  fixed  in  the  middle  of  a 
plate  having  six  dials  furnished  with  movable  hands.  To  facilitate 
occasional  cleaning,  the  top  of  the  cooler  is  equipped  with  a  vapour 
valve,  through  which  an  air  current  can  be  passed  for  that  purpose. 

In  another  apparatus  for  treating  chocolate  an  endless  travelling 
band  or  apron  is  provided  by  means  of  which  the  chocolate  is  traversed 
through  a  refrigerated  compartment. 
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Refrigeration   in   Breweries. 

One  of  the,  if  not  the,  most  important  of  the  industrial  applications 
of  r^rigerating  machines  is  that  of  cooling  water  to  be  used  for 
refrigerating  and  attemperating  purposes  in  breweries.  This  is  more 
especially  required  when  the  supply  of  water  is  derived  from  a  river 
or  other  source  exposed  to  the  heat  of  the  sun,  or  from  the  water 
mains  in  large  towns,  the  water  from  both  of  these  sources  usually 
rising,  during  the  summer  months,  to  from  65°  to  70°  Fahr. 

Where  a  plentiful  supply  of  well  water  at  a  temperature  of  from 
50^  to  54^  Fahr.  can  be  obtained,  the  prevision  of  means  for  artificial 
cooling  becomes  of  minor  importance  for  this  special  purpose,  and 
can  be  dispensed  with. 

When,  however,  the  water  supply  is  at  a  comparatively  high  tem- 
perature, such  as  that  above  indicated,  it  would  <rf  course  be  totally 
impossible  to  cool  the  worts  down  to  the  ordinary  pitching  tempera- 
tures of  from  57°  to  59°  Fahr.,  or  to  control  the  fermentation  in  the 
tuns  or  squares  with  water  at  such  a  temperature  passing  through  the 
attemperators,  and,  moreover,  on  the  completion  of  the  fermentations 
it  would  be  likewise  quite  impracticable  to  cool  the  finished  beers 
down  to  the  temperature  desirable  for  racking. 

One  of  the  first  operations  is  the  refrigerating  of  the  hot  beer  wort 

The  usual  practice  is  to  first  slightly  reduce  the  temperature  oi 
the  hot  wort  by  exposing  it  in  the  large  tank  known  as  the  cool-bed 
or  cool-ship,  which  is  generally  located  on  the  top  of  a  building  and 
roofed  over,  the  sides  being  only  enclosed  by  lattice  work,  so  as  to 
allow  a  free  circulation  of  air,  and  then  permit  it  to  flow  slowly  down 
over  the  tubes  or  coils  of  a  "  Baudelot  Cooler." 

The  Pontifex-Wood  brine  refrigerator  is  also  successfully  employed 
for  cooling  beer  worts.  This  apparatus  consists  essentially  oi  sets  or 
rows  of  copper  or  brass  tubes  arranged  horizontally,  and  secured  at 
their  extremities  in  return  heads.  Through  these  tubes  and  heads  the 
cold  brine  from  the  refrigerator  is  caused  to  flow,  and  the  beer  worts 
to  be  cooled  is  allowed  to  trickle  over  their  exterior  surfaces. 

An  ordinary  refrigerator  for  cooling  hot  beer  wort  consists  of  a 
shallow  vat  wherein  is  mounted  a  continuous  tube  or  pipe,  through 
which  the  cooling  water  is  forced  in  a  direction  opposite  to  that  taken 
by  the  wort.  The  object  of  thus  running  the  wort  in  one  direction 
and  the  water  in  another  is  to  ensure  the  delivery  end  of  the  wort  being 
exposed  to  the  coldest  portion  of  the  stream  of  water.  In  another  form 
the  wort  passes  through  a  coil  of  pipe  arranged  in  a  vat,  through  whiclr 
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a  circulation  of  cooling  water  is  kept  up.  A  more  complicated  arrange- 
ment is  that  wherein  boxes  are  arranged  to  project  alternately  from 
opposite  sides  of  a  double  walled  vertical  case;  through  the  tatter,  and 
which  boxes,  the  wort  is  caused  to  take  a  zigzag  course  by  suitable 
check-plates  extending  centrally  into  the  boxes.  The  cooling  water 
takes  a  like  sinuous  or  zig-zag  course  on  the  exterior  of  these 
boxes.  A  wort  or  beer-cooler,  employed  in  many  lai^e  breweries,  is 
a  large  shallow,  covered  vat,  fitted  with  a  volute  formed  by  a  wide 
strip  of  metal  set  on  edge  between  the  upper  and  lower  plates  or 
heads,  to  which  it  is  attached,  in  such  a  manner  as  to  form  a  helix 
with  two  distinct  spaces.  Through  one  of  these  spaces  the  refrigerat- 
ing liquid,  or  medium,  is  circulated,  suitable  inlet  and  outlet  passages 
being  provided,  and  through  the  other  the  wort  or  beer  to  be  cooled. 
Brotherhood's  refrigerator  ccxisists  of  a  number  of  long  boxes  placed 


Fig.  !7Z. — "Baudclot  Cooler,"  with  Direct  Expansion  for  Cooling  Hoi  Beer  Wort. 

side  by  side  or  otherwise,  each  box  having  a  flow  and  return  passage 
for  the  cooling  water,  and  copper  tubes  through  which  the  wort  passes. 
Hollow  covers  at  the  ends  of  the  boxes  afford  communication  between 
one  tier  of  tubes  and  another. 

Mash  tuns  are  likewise  constructed  in  which  the  vertical  shaft 
carrying  the  rake  or  stirrer  is  formeil  hollow,  as  also  the  amis  of  the 
side  rake,  which  latter  are  perforated  with  a  number  of  small  holes. 
Through  the  above-mentioned  hollow  shaft  and  perforated  arm  steam 
is  first  passed  to  boil  the  wott.  and  subsequently  air,  reduced  to  a 
low  temperature  in  order  to  cool  or  refrigerate  it.  In  a  refrigerating 
or  cooling  apparatus  on  a  somewhat  similar  principle,  air,  previously 
reduced  to  a  low  temperature,  is  forced  into  the  perforated  false  bnt- 
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torn  of  a  vat,  from  whence  it  escapes,  through  these  holes  or  perfora- 
tions, and  passes  up  through  the  wort  or  beer  contained  therein. 

Numerous  other  arrangements  are  also  in  use  in  this  country  and 
abroad.  One  of  which,  of  American  origin,  is  as  follows; — First  the 
hot  wort  is  delivered  into  a  trough  of  V  shape  in  transverse  section, 
from  the  bottom  of  which  it  trickles  over  a  series  of  horizontal  pipes 
arranged  in  line  vertically,  and  through  which  the  cooling  water  is 
passed,  the  cooled  wort  being  finally  collected  in  an  U  shafted  trough 
for  delivery  to  the  fenn^iting  tun.- 

An  apparatus  which  is  extensively  used  in  America  for  cooling  or 
refrigeraring  hot  beer  wort,  is  that  known  as  the  "  Baudelot  Cooler." 


Fig.  173.—"  Baudelot  Cooler,"  with  Brine  Circulalion  for  Cooling  Beer  Wort, 

This  apparatus  is  constructed  for  use  both  with  a  brine  circulation  anil 
direct  expansion.  In  the  first  arrangement,  shown  in  Fig.  372,  the 
upper  portion,  or  half  of  a  set  of  tubes  or  coils,  arranged  horizontally, 
is  cooled  by  the  ordinarj-  well  or  main  water,  and  the  lower  part  or 
half  thereof  by  mechanical  refrigeration  on  the  direct  expansion  sys- 
tem. In  the  second  arrangement,  shown  in  Fig.  273,  the  upper  part  or 
half  of  the  pipes  or  coils  is  similarly  cooled,  but  the  lower  portion 
or  half  is  cooled  bj  brine  circulation. 

The  above  Baudelot  cooling  apparatus  ismade  by  the  Frick  Co.,  U.S. 
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Another,  and  also  a  very  impoitant,  use  for  a  refrigerating  machine 
in  breweries  is  that  of  cooling  the  air  in  the  fermenting  and  yeast 
rooms,  an  arrangement  for  which  purpose,  on  the  brine  circulation  sys- 
tems, is  shown  in  Fig.  274.  This  cooling  is  necessary  during  hot 
weather,  even  in  cases  where  an  unlimited  supply  of  cold  water  for 
refrigerating  and  attemperating  is  obtainable,  inasmuch  as  the  water 
can  only  be  applied  to  the  cooling  of  the  beer  itself  in  the  fermenting 
vessels,  and  not  to  the  head  of  yeast  above.  The  result  of  this  is  that, 
although  the  fermenting  beers  can  be  kept  wdl  under  control  by  the 
use  of  the  attemperators,  the  yeast  above  is  frequently  found  to  be 


going  wrong  by  reason  of  the  excessive  temperature  of  the  atmosphere 
of  the  room. 

In  employing  a  refrigerating  machine  for  this  purpose,  in  connec- 
tion with  the  arrangement  shown  in  Fig.  227,  brine  reduced  in  the 
cooler  or  refrigerator  to  about  the  temperature  of  the  latter,  that  is  from 
10°  to  2o°  Fahr.,  or  very  much  lower  if  desired,  is  circulated  through  rows 
of  pipes  B  fised  over  the  tuns  a,  or  the  squares,  to  be  cooled  in  the  fer- 
menting rooms,  and  also  in  the  yeast  rooms,  the  said  system  of  pipes 
being  reduced  by  the  brine  to  below  freezing  point,  and  the  atmosphere 
of  the  rooms  from  contact  with  the  latter  to  45"  or  50°  Fahr.,  or  any 
other  desired  point.     By  this  means  an  October  temperature,  that  is 
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to  say,  one  of  50°  Fahr.  or  less,  can  be  obtained  during  the  hottest 
summer  weather. 

Fig.  275  shows  an  arrangement  for  coolmg  a  fermenting  room  on 
the  direct  expansion  principle,  fitted  with  the  De  la  Vergne  patented 
pipe  system,  a  detailed  description  of  which  will  be  found  in  a  previous 
chapter. 

The  speed  of  the  flow  of  brine  in  the  first  anrangeraent,  shown  in 
Fig.  274.  through  the  various  circulations,  can  be  regulated  at  will  by 
means  of  stop-cocks  or  valves  provided  on  the  several  branch  mains, 
and  that  of  the  gas  or  vapour  in  (he  second  arrangement,  shown  in 


Fig-  *75i  tiy  the  expansion  valve,  and  consequently,  the  tampera;- 
ture  of  the  fermenring  rooms  can  be  regulated  at  will.  In  ^mple 
arrangements,  such  as  the  for^rang,  the  brine  mains  b,  and 
the  direct  expansion  pipes  respectively,  coo!  the  entire  area  of  the 
fermenting  room;  that  is  to  say,  a  separate  brine  circulation  (Fig.  274) 
or  coil  of  vapour  pipes  (Fig.  275)  is  run  over  each  row  of  rounds  or 
tuns,  and  all  are  cooled  at  once.  Where  a  number  of  large  squares 
have  to  be  cooled,  however,  a  more  elaborate  arrangement  is  preferably 
employed,  and  the  sides  and  tops  of  the  squares  are  boxed  in  or  en- 
cl06«d  with  partitions  formed  of  light  boarding,  under  which  a  separate 
C  c 
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circulation  of  brine  or  vapour  pipes  to  each  square  is  fixed.  The  latter 
plan  enables  the  temperature  of  the  air  over  each  square  to  be  regu- 
lated separately  and  independently  of  the  others,  and  the  brine  or 
vapour  to  be  shut  off  completely  from  empty  squares,  therAy  lessen- 
ing the  work  of  the  refrigerating  machine.  It  also  further  economises 
the  work  of  the  latter,  inasmuch  as  only  the  air  directly  over  each  ves- 
sel has  to  be  cooled. 

In  working  a  refrigerating  machine  on  the  brine  circulation  prin- 
ciple, for  these  cooling  purposes,  in  a  brewery  of  moderate  dimensions, 
it  is  usually  run  during  the  daytime,  and  when  it  is  shut  off  at  night, 
and  the  fermenting  rooms  are  closed  up,  the  large  amount  of  cold 
stored  up  in  the  brine  in  the  pipes  over  the  fermenting  vessels,  is,  as 
a  rule,  found  to  be  sufficient  to  keep  the  atmosphere  of  the  rooms 
down  to  the  desired  temperature  during  the  night;  except,  however,  in 
very  hot  weather,  when  the  machine  has  usually  to  be  run  continuously. 
In  very  large  breweries  also  it  has  generally  to  be  kept  working  day  and 
night. 

In  some  instances,  a  refrigerating  machine  is  employed  for  the 
combined  purposes  of  cooling  water  for  use  in  refrigerating  and  attem 
perating,  and  of  cooling  the  air  in  the  fermenting  and  yeast  rooms.  In 
an  arrangement  of  this  description,  at  the  top  of  the  brewery  building, 
or  at  a  sufficient  elevation  to  command  the  refrigerators  and  attempera- 
tors,  is  fixed  a  suitable  ice-water  tank,  and  above  this  tank  a  brine 
refrigerator,  which  latter  may  consist  of  horizontal  rows  of  brass  or 
copper  pipes,  through  which  a  branch  circulation  of  cold  brine  from 
the  mains  is  run,  whilst  over  them  the  supply  water  at  60°  or  65°  Fahr. 
or  other  temperature,  is  allowed  to  trickle  or  flow  slowly.  This  water 
is  thus  reduced  by  the  cold  brine  within  the  pipes  to  about  33°  Fahr., 
or  to  any  other  desired  temperature,  after  which  it  is  passed  into  the 
ice  or  cold  water  tank,  from  which  it  is  drawn  through  pipes  as  re- 
quired for  refrigerating  and  attempyerating.  This  arrangement  admits, 
by  the  simple  opening,  closing,  or  regulating  of  the  stop-cocks  or  valves, 
of  the  whole  or  any  desired  proportion  of  the  power  of  the  machine 
being  applied  to  the  cooling  of  air,  or  to  the  cooling  of  water,  or  to 
both  operations  at  the  same  time. 

Lager  beer  fermenting  rooms,  and  store  cellars,  can  be  cooled  by 
a  plan  substantially  similar  to  that  shown  in  Fig.  274,  for  cooling  the 
air  in  fermenting  and  yeast  rooms  in  ordinary  breweries.  In  the  case 
of  lager  beer,  however,  where  the  whole  of  the  fermenting  rooms  are 
kept  at  a  temperature  of  about  42°  Fahr.,  and  the  stores  at  about  38** 
Fahr.,  a  proportionately  larger  number  of  brine  cooling  pipes  are  rtj- 
quiradt 
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Figs.  276  and  277  and  278  illustrate  a  method  of  cooling  a  fermmling 
room,  which,  as  well  as  the  pipe  arrangement  for  vaults  shown  in  Fig.  279, 


Fig,  276.— Flick  Compiny's  method  ofCooling^a  Fermenting  Room  in  Brewery. 

are  constructed  by  the  Frick  Company,  U.S.  In  the  arrangement 
shown  in  Fig.  276  the  coils  are  suspended  from  iron  floor-beams,  and 
are  located  in  passage-ways  and  at  the  sides  trf  the  rooms,  by  which 


■J, 


^Liz; 


means  any  drip  into  the  tubs  is  avoided,  and  free  access  to  each  tub  is 
admitted  of.     Figs.  277  and  278  show  in  side  elevation  and  transverse 
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section  the  arrangement  adopted  for  suspending  flat  pipe  cmIs  from 
ceiling  on  the  iron  floor-beams. 

In   Figs.   280   and   aSi    is   shown,   in   side  elevation   and   plan, 
an  automatic  attemperation  system  with  a  cooling  arrangement  sup- 


F'g.  279.— Pipe  Arrangcmenl  for  Vault  in  Brewery.     Transverse  Section. 

plied  by  the  same  firm.  In  this  system  the  ice-water  for  pumping 
through  the  attemperators  and  regulating  the  temperature  of 
fermentaticMi,  is  cooled  in  a  cistern  or  suitable  tank,  provided 
with  ^ther  a  direct  ammcmia  exp>ansion  or  brine  coil,  supplied 
by  the  refrigerating  machine  which  is  on  the  ammcmia  compression 
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principle,  the  sweet  or  ice-water  thus  made  being  forced  through  the 
attemperators  in  the  tubs,  each  or  any  of  which  can  be  shut  off  or 
regulated  at  will,  the  pressure  and  amount  of  cooling-water  being  under 
automatic  control  of  a  self-acting  pump  and  regulator  which  supplies 
the  attemperators  and  needs  no  attention,  whether  one  tub  or  many 
be  in  use. 

In  Fig.  282  is  shown  the  arrangement  of  an  apparatus  few  cooling 
water  for  refrigerating  and  attemperating  purposes  in  a  brewery,  by 
means  of  an  ammonia  absorption  machine  of  the  Pontifex-Wood  type. 

In  the  illustration  h  is  the  water-service  pipe  from  the  company's 
main,  or  from  other  source  of  supply ;  i  is  the  cooled  water-pipe  lead- 
ing from  the  cooler  d  up  to  the  ice-water  tank  j,  in  which  the  cooled 
or  refrigerated  water  is  stored  to  be  drawn  off  as  may  be  required  for 
refrigerating  or  attemperating.  A  thermometer  is  fitted  on  the  pipe  i 
at  the  outlet  from  the  cooler,  and  a  regulating  cock  or  valve  on  the  pipe 
H,  by  which  the  supply  can  be  so  adjusted  as  to  admit  of  the  cooled 
water  being  delivered  at  any  predetermined  temperature.  The  water 
from  the  supply  pipe  h  is  run  direct  through  the  coil  of  the  cooler  D 
of  the  machine  (which  is  placed  on  the  ground  floor  of  the  brewery, 
and  sufficiently  near  the  steam  boilers  to  admit  of  a  supply  of  steam 
being  obtained  for  use  in  the  generator),  from  whence  it  passes  re- 
duced to  a  temperature  of  45°  or  50°  Fahr.,  or  to  any  other  desired 
lower  temperature,  to  the  tank  j,  which  is  at  a  sufficient  elevation  to 
command  the  refrigerators  and  attemperators,  and  from  which,  as 
above-mentioned,  it  can  be  drawn  off  as  wanted.  The  tank  j  is  fitted 
with  a  suitable  lid  or  cover,  and  is  preferably  constructed  of  wood,  or  of 
iron  lagged  with  wood  and  sawdust. 

A  is  the  condenser,  b  the  separator,  c  the  condenser,  d  the  refrigera- 
tor, £  is  the  absorber,  and  6  is  the  economiser.  A  full  description  of 
the  Pontifex-Wood  ammonia  absorption  machine  has  been  ah-eady 
given  in  a  previous  chapter. 

In  working  an  arrangement  of  this  description  the  machine  is  started 
in  the  morning  sufficiently  early  to  admit  of  the  ice-water  tank  j  being 
filled  up  by  the  time  the  refrigerators  are  set  to  work.  The  machine 
is  kept  in  operation  until  the  refrigerating  is  done,  and  for  a  sufficient 
length  of  time  after  to  admit  of  the  tank  j  being  filled  up  again,  so 
as  to  provide  a  sufficient  supply  of  ice-water  for  the  use  of  the  attem- 
perators during  the  night  and  until  the  machine  is  again  started  next 
day.  It  is  stated  by  the  makers  that  when  the  tank  j  is  properly  con- 
structed as  Regards  insulation,  it  has  been  constantly  found  in  practice 
that  the  rise  in  temperature  of  the  water  is  not  more  than  i^  Fahr.  during 
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a  stoppage  of  from  twdve  to  twenty-four  houts.  The  ice-water  from 
the  tank  j  is  forced  through  the  attemperators,  due  provision  being 
made  for  enabling  the  supply  to  each  of  them  being  suitably  regulated, 
or  cut  off  altogether  if  desired,  independently  of  the  others.  The  pump 
for  circulating  the  ice-water  through  the  attemperators  should  be  self- 
acting  and  provided  with  an  automatic  r^;ulating  device,  thereby 
enabling  it  to  act  efficiently  whether  one  or  all  the  attemperators  be  at 
work. 

The  results  obtained  by  the  use  of  an  arrangement  of  the  descrip- 
tion described  are,  in  addition  to  a  marked  improvement  in  the 
quality  of  the  beer,  that  there  is  a  complete  control  over  the  refrigera- 


tion and  fermentation,  the  beer  refrigeration  can  be  perfoimed  in  a 

verj'  much  shorter  time,  and,  consequently,  the  day's  work  completed 
sooner,  and  lastly,  that  the  waste  cK:casione<!  by  the  necessity  for  pass- 
ing the  greatest  possible  quantity  of  the  comparatively  hot  water 
through  the  refrigerators  and  attemperators  is  obviated.  This  latter 
item  alone  is  by  no  means  insignificant,  the  saving  where  water  com- 
panies' water  is  employed  for  refrigerating  and  attemperating  being 
generally  more  than  half.  In  large  breweries  where  several  machines 
are  employed,  they  are  kept  running  continuously  day  and  night 
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Refrigeration  has  been  found  to  be  an  excellent  means  for  keeping 
hops  from  degenerating,  and  to  effect  this  purpose  a  dry,  dark  rcMMn, 
thoroughly  well  insulated,  and  maintained  at  a  temperature  of  from 
23*"  to  34'  is  found  to  be  the  best.  Either  artificial  or  mechanical 
refrigeration,  or  ice,  may  be  employed  for  cooling  purposes,  the  first- 
mentioned  being  far  superior.  .  Before  being  placed  in  the  cold 
storage  room  or  chamber  the  hops  should  be  thoroughly  dried,  sul- 
phurised, and  properly  packed. 

Another  obvious  application  of  refrigerating  machines  in  breweries, 
though  one  of  secondary  importance,  is  that  of  making  small  quantities 
of  ice,  either  for  use  in  keeping  yeast  cool,  or  to  send  out  to  publio 
houses,  or  for  private  use.  This  can  be  very  easily  accomplished  with 
machines  having  a  brine  circulation.  If  only  opaque  ice  be  required, 
all  that  is  necessary  is  to  place  galvanised  iron  pails,  moulds,  or  cans 
of  the  shape  of  which  the  blocks  of  ice  are  desired,  and  filled  with 
water,  in  the  brine  tank,  and  the  water  will  be  frozen  in  a  few  hours 
into  solid  blocks  of  ice,  which  can  then  be  loosened  by  dipping  in 
warm  water,  and  turned  out  of  the  cans,  the  latter  having  a  slight 
taper,  to  admit  of  this  being  more  readily  performed.  When,  however, 
clear,  transparent  crystal  ice  is  desired,  it  is  necessary  to  use  de-aerated 
water,  or  to  keep  the  water  in  motion  whilst  freezing,  and  some  special 
apparatus  is  consequently  required,  such  as  will  be  found  described  in 
the  chapter  on  ice-making. 

In  Fig.  283  is  illustrated  in  sectional  elevation  a  complete  small 
brewery  fitted  with  refrigerating  machinery  on  the  direct  expansion 
system  as  designed  by  the  Triumph  Ice  Machine  Company,  U.S.  This 
cut  gives  a  good  idea  of  the  general  arrangement  of  the  plant  in  such 
a  brewery,  for  large  breweries  it  will  of  course  differ  to  a  greater  or 
lesser  extent,  depending  upon  the  size,  capacity,  etc. 

Refrigeration    in    Candle   and   Paraffin   Oil   Works. 

Further  important  applications  of  refrigerating  machinery  to  manu- 
facturing purposes  are: — In  candle  works,  for  the  extraction  of  the 
solid  stearine  and  paraffin.  And  in  paraffin  oil  works,  for  enabling 
refiners  to  extract  in  an  economical  manner  in  the  presses  a  greater 
quantity  of  paraffin  than  is  obtainable  in  any  other  manner,  and  also  to 
obtain  a  product  of  a  superior  quality. 

The  first  type  of  refrigerating  machinery  used  for  the  extraction 
of  solid  paraffin  was,  as  has  been  before  mentioned,  a  Harrison  ether 
machine,  and  the  mode  of  application  is  described  by  Dr.  A.'C.  Kirk 
as  follows : — 
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"In  iS6i,  vhen  I  af^ed  an  ether  macbine  to  the  cooling  of  panffin 
oil,  in  order  to  extract  the  solid  paraffin,  it  wa&,  as  far  as  I  know,  the 
first  application  of  a  refrigerating  machine  to  manufacturing  purposes. 


"  Paraffin  oil  consists  of  a  mixture  of  many  oils  of  various  specific 
gravities,*  and  contains  in  scriution  many  solid  paraffins  of  different  mdt- 
ing  points,  some  ctystallising  from  the  oil  at  a  low  temperature,  and 
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some  at  a  comparatively  high,  one.  This  crystallisable  paraffin  has  to 
be  extracted  from  the  oil,  as  much  to  render  the  oil  fluid  at  all  ordinary 
temperatures  as  to  secure  the  valuable  solid  paraffin,  which  is  so  largely 
used  for  candle-making. 

''As  paraffin  and  paraffin  oil  are  very  bad  conductors  of  heat,  it 
was  from  the  first  evident  that  in  coolii^  it  artificially  the  heat  to  be 
removed  could  not  pass  through  a  layer  of  any  con^derable  thickness 
but  at  a  very  slow  rate.  In  my  earlier  arrangements,  pipes,  closed  at 
the  bottom  and  open  at  top  depended  vertically  from  an  iron  tube 
plate,  and,  by  suitable  arrangements,  a  current  of  cold  brine  was  main- 
tained through  these  pipes.  The  pipes  hung  down  into  a  wooden  box, 
which  was  filled  with  paraffin  oil,  and,  after  standing  a  certain  time,  the 
oil  was  cooled  and  the  paraffin  was  crystallised  from  its  solution  in  the 
oil,  the  whole  forming  a  pretty  firm  pasty  mass.  An  iron  scraper  plate 
fitted  these  tubes,  and  being  attached  to  the  box  and  drawn  down  with 
it  as  the  box  was  lowered,  forced  this  frozen  paraffin  down  from  be- 
tween the  tubes,  and  it  fell  into  the  bottom  of  the  box. 

"  This  arrangement  worked  until  it  was  entirely  burned  down. 
When  it  came  to  be  reconstructed,  I  adopted  a  more  speedy  jdan.  I 
used  a  drum,  with  cold  water  circulating  in  it,  or  it  might  be  cold 
brine,  and  as  this  drum  revolved,  the  lower  part  of  its  circumference 
dipped  into  a  small  pan  containing  the  paraffin  soluticm.  A  coating 
adhered  to  the  drum,  was  cooled  as  the  drum  revolved,  on  the  opposite 
side  was  scraped  off  continuously  and  fell  into  a  tank  below.  By  this 
means  a  continuous  process  was  substituted  for  an  intermittent  one.'' 

An  ordinary  arrangement  for  the  extraction  of  solid  paraffin  from 
shale  oil  is  shown  in  Fig.  284,  wherein  A  a  are  the  cooling  drums  or 
cylinders,  b  b  the  troughs  or  receptacles  intended  to  contain  the  oil  to 
be  treated,  and  c  c  scrapers  for  removing  the  partly  soUdified  oil  from 
the  drums  or  cylinders  a. 

The  operation  of  the  apparatus  is  exceedingly  simple,  a  circulation 
of  brine,  first  reduced  to  about  10°  or  12°  Fahr.,  or  other  desired  tem- 
perature, in  the  usual  manner  is  afterwards  passed  through  the  set  of 
cooling  drums  or  cylinders  a,  entering  each  of  the  latter  at  one  hollow 
trunnion  or  gudgeons,  and  leaving  at  the  other.  The  lower  portions 
of  the  drums  or  cylinders  a  dip,  as  shown  in  the  drawing,  into  the 
open  shallow  troughs  b,  one  of  which  is  placed  below  each  drum,  and 
in  which  the  oil  to  be  cooled  and  treated  is  placed.  The  surfaces  of 
the  drums  or  cylinders  a  during  their  revolutions  are  immersed  in  this 
oil,  and  become  coated  with  a  thin  film  of  it,  which  is  cooled  by  the 
circulation  of  the  cold  brine  from  the  machine,  and  reduced  in  tempera- 


396  REFRIGERATION  AND  COLD  STORAGE, 

ture  during  the  continuance  of  the  revolution,  until  it  is  finally  removed 
in  a  pasty  condition  by  the  scrapers  c,  one  of  which  is  arranged  to  press 
against  the  periphery  of  each  of  the  drums  or  cylinders.  The  remaining 
oil  is  then  drawn  away  by  plunger  pumps,  and  forced  through  filter 
presses,  which  separate  the  paraffin  wax  crystals  or  scales  from  the 
oil. 

The  employment  of  a  refrigerating  machine  of  one  type  or  another 
in  a  works  engaged  in  the  production  of  paraffin  is,  and  indeed  has 
been  for  some  years  past,  deemed  indispensable,  and  but  few  manu- 
facturers now  endeavour  to  do  without  it.  Indeed,  the  development  of 
the  paraffin  industry  dates  from  the  time  when  an  ether  machine  of  the 
Harrison  type  was  first  used  for  this  purpose,  which,  as  already  men- 
tioned, was  in  1861.''*' 

Refrigeration  in  Butter  Manufactories    and   Dairies. 

In  manufactories  of  artificial  butter,  as  also  in  other  butter  and 
cheese  factories  and  dairies,  but  more  especially  in  the  former,  refri- 
gerating machines  play  an  important  part,  both  for  ensuring  an  ample 
supply  of  cold  water,  and  for  cooling  stores  or  chambers,  the  former 
being  an  essential  for  successful  manufacture  in  hot  weather,  and  the 
latter  enabling  butter  and  margarine  to  be  kept  in  prime  condition  until 
a  favourable  opportunity  for  disposing  of  it  presents  itself. 

In  the  manufacture  of  artificial  butter  a  variety  of  ingredients  are 
first  melted  and  amalgamated  together  at  about  blood  heat  in  chums, 
and  the  resultant  mass  is  then  mixed  with  and  run  out  into  ice-cold 
water  contained  in  open  troughs.  This  sudden  application  of  intense 
cold  crystallises  and  granulates  the  artificial  butter,  which  is  then 
skinuned  off,  and  at  the  same  time  it  also  washes  out  the  butter  milk, 
which  otherwise,  by  its  rapid  decomposition,  would  taint  the  butter. 

Primarily,  and  indeed  still  to  a  considerable  extent,  the  means 
adopted  for  reducing  this  water  to  the  requisite  temperature  is  the 
application  of  natural  ice,  which  is  placed  in  tanks  partially  filled  with 
water,  and  by  melting  imparts  its  cold  to  the  latter.  This  plan, 
however,  is  open  to  several  serious  objections,  amongst  which  may  be 
mentioned : — The  excessive  cost  of  the  ice  and  of  the  necessary  labour 
for  handling  it ;  the  impossibility  of  thus  obtaining  as  low  a  temperature 
as  is  desirable,  the  best  result  being  the  mean  of  the  two  temperatures 
of  the  ice  and  the  water ;  the  non-attainment  of  a  regular  temperature 

♦  For    further    information    regarding   ihe    practice    in  paraffin    cooling,     see 
«*  Journal  of  the  Society  of  Chemical  Industry,"  of  29th  May  and  30th  November 
1885. 
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continuously;  and  finally  that  the  natural  ice  is  always  more  or  less 
dirty,  and  renders  the  cooled  water  so  also,  and  consequently  soils 
and  spoils  the  colour  and  appearance  of  the  artificial  butter. 

Figs.  285  and  286  illustrate  a  refrigerating  arrangement  in  an  arti- 
ficial butter  factory,  anil  Fig.  287  that  in  a  dair}-. 


Fie.  iSS-— RerrigeratiiiB  Arrangemenl  in  an  Artificial  Butler  Factory. 
Seclional  Elevation. 

In  the  first  of  these  airangements  (Fig.  285),  a  circulation  of  brine, 
reduced  to  a  low  temperature  (about  20°  Fahr.),  in  the  evaporator  or 
refrigerator  (rf  a  Pontifex-Wood  absorption  machine,  or  of  a  compres- 
sion machine,  is  forced  by  a  brine  pump  through  the  pipe  1  to  the 
bottom  of  the  refrigerator  l,  the  construction  of  which  latter  is  mor? 
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clearly  shown  in  the  enlarged  view  thereof.  Fig.  2S6.     It  consists  of 
sets  or  rows  of  horizontally  arranged  copper  or  brass  tubes,  secured  at 


their  extremities  in  return  heads,  and  through  which  the  cold  biine 
from  the  cooler  passes.     Over  these  tubes  the  supply  water  is  allowed 
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to  trickle  into  the  cooled  or  ice^water  tank  m»  from  which  it  is  drawn 
off  as  required  for  the  use  of  the  chums  through  the  pipes  n.  In  this 
manner  a  steady  aoid  constant  supply  of  clean  cooling  water  at  a  tem- 
perature as  low  as  32*5®  Fahr.  is  ensured.  The  brine  returns  to  the 
pump  from  the  top  of  the  refrigerator  l  through  the  pipe  j. 

In  factories  where  the  practice  of  using  water  cooled  down  only  to 
39°  or  40°  Fahr.  prevails,  the  brine  refrigerator  l  can  be  dispensed 
with,  and  the  water  to  be  cooled  may  be  simply  run  through  the  pipes 
in  the  cooler  as  in  the  arrangement  in  a  brewery  for  cooling  water 
for  refrigerating  and  attemperating,  shown  in  Fig.  282. 

In  the  second  arrangement  (Fig.  287)  an  ammonia  compression 
machine  of  the  Kilboum  improved  type,  driven  by  means  of  belt 
gearing  from  a  gas  engine  is  used.  This  cream-cooler  is  fixed  against 
the  wall  of  the  cold  store  or  chamber,  a  portion  of  which  latter  only 
is  shown  in  the  drawing.  The  cream-cooler  is  constructed  of  tinned 
copper,  and  is  fitted  with  small  wrought-iron  coils  without  in- 
ternal joints,  similar  coils  being  likewise  provided  in  the  water-cooling 
tank,  a  portion  of  which  is  shown  on  the  top  of  the  cold  store  or  cham- 
ber. The  refrigeration  is  effected  on  the  direct  system,  the  ammonia 
gas  or  vapour  being  permitted  to  expand  into  the  coils  of  pipe  in  the 
cold  store  or  chamber  and  of  the  cream  and  water-coolers. 

It  was  formerly  held  that  the  freezing  of  butter  by  causing  a  rup- 
ture of  the  fat  globules  produced  a  deterioration  in  the  quality  of  the 
butter  after  thawing,  but  this  idea  has  been  now  abandoned,  and  was 
never  borne  out  by  the  practical  experience  of  butter  merchants.  In 
fact,  for  the  storage  of  butter  for  any  lengthened  period  of  time  freezing 
is  usually  advisable,  as  it  has  been  found  that  butter  so  treated  is  far 
superior  to  that  which  has  been  chilled  or  kept  in  ordinary  cold 
storage.  Frozen  butter  both  retains  its  flavour  and  body  better  than 
the  other,  and  what  is  of  considerable  importance,  is  less  easily  affected 
by  bad  odours  or  other  contamination.  It  may  here  be  impressed  on 
those  concerned  in  the  storage  of  butter  that  the  greatest  precautions 
should  be  taken  to  protect  that  commodity  from  contact  with  the  gases 
due  to  decomposition,  or  with  the  minute  particles  that  may  be  con- 
tained in  the  air  of  the  cold  storage  room  or  chamber,  and  which  the 
butter  will  absorb  very  freely. 

An  ordinary  form  of  milk  or  cream-cooler  consists  simply  in  a  pan 
fitted  with  a  false  bottom,  through  the  space  or  clearance  between 
which  and  the  real  bottom,  a  circulation  of  cold  or  refrigerated  water  is 
maintained. 

Figs.   288  and   289  show  in  plan  and  elevation  the  Sandbach 
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Fig.  288.— Sandbach  Combined 
Cream  Cooler  and  Heater.     Plan. 


combined  cream-cooler  and  heater,  which  is  said  to  be  a  very  good 
system  for  the  rapid  refrigeration  of  cream. 

The  apparatus 'consists  essentially  of  the  following  parts: — ^A  ripen- 
ing vat  and  combined  cooler  and 
heater,  and  a  mechanical  agitator 
driven  off  the  main  shafting.  The 
cooling  or  heating  apparatus  is  so  de- 
signed that  it  presents  a  large  cooling 
or  heating  surface  in  a  comparatively 
small  space>  and  when  employed  for 
the  former  purpose  can  be  used  in 
conjunction  with  any  description  of  re- 
frigerating machine,  either  for  cooling 
cream  or  for  the  production  of  iced 
water. 

Fig.  290  is  a  circular  capillary 
cream-cooler.  This  type  of  cooler, 
which  is  much  used  in  Bdgian  dairies 
and  creameries,  is  made  in  various  sizes, 
the  largest  having  a  cooling  capacity  of 
about  200  gallons  per  hour  from  65''  to 
52°  Fahr.  It  can  be  used  with  any 
refrigerating  machine,  and  the  cold 
brine  is  pumped  through  the  cooler, 
the  cream  passing  over  the  exterior. 

In  all  lai^e  dairies  the  (pasteurisa- 
tion of  milk  is  now  become  part  of 
the  ordinary  routine,  and  this  process 
creates  a  demand  for  additional  refri- 
gerating machinery,  it  being  absolutely 
essential  to  reduce  the  temperature 
after  p^teurisation  as  rapidly  as  it 
can  possibly  be  effected. 
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Fig.  289. — Sandbach  Combined 
Cream  Cooler  and  Heater.  Eleva- 
tion. 


R£FRIG£RATION  IN   TeA  FACTORIES   FOR   REGULATING   THii  TEMPERA- 
TURE OF  THE  Oxidising  or  Fermentation  of  Tea. 

It  is  found  desirable  to  maintain  the  atmosphere  of  the  fermenting 
rooms  in  tea  factories  situated  in  the  low  countries  or  plains  at  the 
same  temperature  as  those  of  factories  situated  in  the  hills,  and  this 
can  be  advantageously  carried  out  by  means  of  mechanical  refrigera- 
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tion.  A  patent  foi  an  arrangement  of  this  description  has  been  obtained 
by  Mr.  H.  T.  Armitage  of  Halton.     By  means  of  this  process  water 
tanks,  cold  cloths,  fans,  etc.,  can  be  dispensed  with,  and  the  oxidation 
or  fennentation  carried  on  instead  in  a  cold  room,  tlie  temperature 
of   which   need  not  be  reduced  below   45°,  at  which  point  it  has 
been  found  that  fennentation  ceases.     A  plant  erected  by  Mr.  Anni- 
tage,  for  the  above  purpose,  consisting  of  a  Schou's  patent  ammonia 
compression  machine,  made  by  TuJten  and 
Hammerich,  having  a  cooling  capacity  suffi- 
cient to  maintain  a  room  of  about  5,800 
cubic  feet  at  40°,  with  the  temperature  out- 
side at  about  70°  Fahr.,  and  requiring  about 
2%    horse-power    for    driving    purposes,    is 
found  capable  of  cooling  about  250,000  lbs, 
of  made  tea  per  annum. 


Various  other  Manufacturing  and 
Industrial  Applications. 

Amongst  the  numerous  other  manufac- 
turing and  industrial  applications  of  refri- 
gerating machinery,  mention  may  be  made 
of  the  following  : — 

In   dynamite   factories,    for   muntaining 

the  dynamite  at  a  low  temperature  during 

the  process  of  nitrating. 

_    ,„      n_,™  In  manufactories  (rf  phottwrapluc  acces- 

tig.aqo.— Capillary  Cream  ,     .         ,         , 

Cooler.    Elevaiiou.  sones,  for  coohng  the  gelatme  dry  plates. 

In  the  establishments  of  win&^rowers 
and  merchants,  for  reducing  the  temperature  of  the  must  w  unfer- 
mented  wine,  and  for  the  obtaJnment  trf  an  equable  temperature  in  the 
cellars,  etc. 

In  soda  water  works  for  cooling  soda  or  mineral  waters  befwe 
bottling. 

In  sugar  factories  and  refineries,  for  the  concentration  of  saccharine 
juices  and  solutions  by  freezing  or  congealing  the  watery  particles, 
which  are  then  removed,  leaving  the  residuum  of  a  greater  strength. 

In  chemical  works,  for  the  reduction  of  mother  liquors  at  low  tem- 
peratures, thus  hastening  crystallisation,  and  augmenting  the  amount  of 
crystals  produced,  as  well  as  reducing  the  cost  of  production.    In  addi- 
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tion,  however,  to  substances  the  crystallisation  whereof  is  facilitated 
by  cold,  it  can  be  also  advantageously  employed  for  the  congdation  of 
various  chemicals,  and  for  other  purposes. 

In  indiarubber  works,  for  the  ctuing  and  hardening  of  blocks  of 
indiarubber,  thereby  facilitating  the  cutting  of  same  into  sheets  for  the 
manufacture  of  various  elastic  articles,  the  material  in  that  state 
admitting  of  its  being  worked  up  in  a  much  superior  manner,  and, 
moreover,  at  a  far  lower  cost.  In  glue  works  for  drying  the  gelatine, 
and  so  admitting  of  the  use  of  less  concentrated  solutions.  And  also 
in  numerous  other  industries,  in  which  it  would  be  impracticable  to 
carry  out  many  of  the  manufacturing  processes  in  the  summer  months 
without  the  employment  of  some  artificial  means  for  cooling. 

For  the  purification  of  gas  intended  for  the  inflation  of  balloons 
by  the  removal  of  tarry  matter,  etc.,  therefrom,  and  also  for  drying  the 
gas  by  the  elimination  of  the  greater  portion  of  the  aqueous  vapour 
present  in  ordinary  coal  gas  as  usually  commercially  manufactured,  and 
in  this  manner  greatly  increasing  its  efficiency  for  the  purpose  in  ques- 
tion.   This  method  has  been  proposed  by  Mr.  C.  Lambert. 

Refrigerating  machinery  is  also  used  in  tropical  and  other  warm 
climates  for  cooling  the  atmosphere  of  hospitals  and  public  buildings. 

For  the  regulation  of  plant  growth  by  retarding  the  growth  of 
bulbs  and  flowering  plants  to  produce  blossoms  at  any  time  of  the 
year  desired,  and  to  fruit  trees,  so  as  to  enable  fruit  to  be  obtained  at 
any  season. 

In  laundries  for  efiFecting  the  white  bleaching  of  clothes,  and  for 
drying  them,  the  latter  (^ration  being  perfcMined  by  means  of  a  con- 
densing plate. 

For  the  preser\'ation  of  dead  bodies  awaiting  identification  in 
public  morgues. 

For  the  preservation  of  furs,  and  various  fabrics  such  as  carpets, 
rugs,  silks,  tapestries,  and  upholstered  furniture,  from  the  ravages  of 
moths  and  beetles,  and  in  the  case  c^  silks  to  prevent  it  from  losing 
weight,  and  to  preserve  its  gloss  of  lustre. 

t'or  cooling  the  holds  of  vessels  carrying  live  cattle,  in  which 
manner  an  uniform  temperature  of  about  70^  Fahr.  can  be  maintained 
throughout  the  entire  voyage  (instead  of  its  rising  to  over  100°  as  it 
otherwise  would),  thus  entirely  obviating  the  heavy  losses  of  cattle 
usually  experienced  from  the  high  temperature  and  bad  ventilation. 
It  might  also  be  advantageously  applied,  on  large  passenger  steamers, 
to  cool  and  ventilate  the  saloons  and  state-rooms,  as  also  the  engine 
rooms,  etc.,  when  in  hot  latitudes. 
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And  finally,  for  producing  artificial  surfaces  of  ice  in  enclosed 
places,  so  as  to  provide  skating  rinks  upon  which  this  pastime  may  be 
enjoyed  during  the  mildest  winters,  or  at  any  season  of  the  year.  Such 
an  application  may  be  now  seen  at  the  Niagara  Hall,  London,  of  which 
the  following  is  a  brief  description  : — 

The  plant  consists  of  ammonia  compression  machines'  of  the  De 
La  Vergne  type,  the  ice-making  capacity  of  which  are  of  12  tons  per 
day  each.  The  rink  itself,  when  in  every-day  use,  requires  the  expendi- 
ture of  a  refrigerating  power  equal  to  that  consumed  in  the  manufac- 
ture of  8  tons  of  ice  per  day,  and  the  balance  of  power,  which  is  con- 
siderable, is  employed  in  the  manufacture  of  block  ice,  and  in  main- 
taining the  cold  storage  chambers  in  connection  with  the  rink  at  the 
required  temperature. 

The  congelation  or  freezing  of  the  water  to  form  the  ice  surface 
of  the  rink  is  effected  by  a  network  of  pipes  which  are  laid  upon  the 
floor  of  the  rink,  and  through  which  brine,  reduced  to  a  sufficiently 
low  temperature  in  the  refrigerator  of  the  machine,  is  kept  in  con- 
stant circulation  by  means  of  a  suitable  brine  pump.  The  non-con- 
gealable  liquid  or  brine  employed  in  this  instance  is  a  strong  solution  of 
calcium  chloride. 

The  operation  of  the  ammonia  compression  machines  employed  for 
this  purpose  diflfers  in  no  way  from  the  description  already  given  when 
dealing  with  that  type  of  machine. 

Constructional  Applications. 

For  the  freezing  of  loose  ground  in  quicksand  soils,  in  order  to 
facilitate  sinking  colliery  shafts,  well-sinking,  tunnelling,  or  putting  in 
foundations,  wherever  the  amount  of  water  is  too  great  to  be  pumped, 
or  in  cases  where  the  removal  thereof  would  damage  existing  founda- 
tions, to  avoid  the  necessity  for  expensive  underpinning,  etc.  This 
may  be  effected  either  by  means  of  ammonia  or  cold-air  machines. 

In  the  case  of  a  quicksand  in  a  well,  a  coil  of  pipes,  of  a  somewhat 
larger  diameter  than  the  lining  of  the  well,  is  usually  simk  into  the 
quicksand,  and  the  latter  frozen  by  a  circulation  of  cold  brine  through 
the  coil.  The  necessary  excavation  can  then  be  proceeded  with, 
and  as  soon  as  the  lining  is  put  in,  the  circulation  of  brine  is  stopped 
and  the  coil  withdrawn. 

TlTNNELLTNG. 

During  the  construction  of  a  tunnel  for  foot-passengers  through  a 
hill  in  Stockholm,  this  method  was  employed  for  driving  the  tunnel 
through  about  80  ft.  of  loose  grountl,  consisting  of  gravel  mixed  with 


CONSTRUCTIONAL  APPLICATIONS. 


405 


clay  and  water,  which  possessed  so  little  cohesion  as  to  render  the  ordi- 
nary method  of  excavation  impossible.  The  refrigerator  employed 
was  a  cold-air  machine  of  the  Lightfoot  type,  capable  of  delivering 
25,000  cubic  ft.  of  air  per  hour,  and  the  arrangement  consisted  in  form- 
ing the  innermost  end  of  the  tunnel  into  a  freezing  chamber  by  means 
of  a  partition  wall  made  of  a  double  layer  of  wood  filled  in  between 
with  charcoal.  After  the  refrigerator  was  run  continuously  for  sixty 
hours  the  gravel  was  frozen  into  a  hard  mass  to  a  depth  varying  from" 
5  ft.  near  the  bottom  of  the  tunnel  to  i  ft  near  the  top.  The  work 
was  proceeded  with  in  5  ft.  lengths,  the  excavation  commencing  at  the 
top,  and  a  temporary  iron  wall  of  plates  12  in.  square  was  built  up 
against  the  face  from  the  top  downwards  as  the  cutting  away  of  the 
gravel  was  proceeded  with;  the  arching  of  the  tunnel  was  completed 
as  quickly  as  possible  close  up  to  this  temporary  iron  wall  while  the 
ground  was  still  frozen.  After  being  fairly  started  it  was  found  suffi- 
cient to  run  the  cold-air  machine  on  the  average  from  ten  to  twelve 
hours  every  night,  except  after  heavy  rains,  when  much  water  perco- 
lated through  the  gravel.  After  two  5  ft.  lengths  had  been  excavated 
the  partition  was  moved  forward.  The  daily  progress  whilst  employing 
the  freezing  process  was  on  an  average  about  i  ft. 

A  full  description  of  the  construction  of  this  tunnel  is  given  in  the 
Engineer  of  9th  April,  1886.  And  in  the  issue  of  30th  November, 
1883,  of  the  same  journal,  will  be  found  an  interesting  account  of  the 
Poetsch  method  of  sinking  colliery  shafts  by  freezing  the  soil  by  means 
of  an  arrangement  consisting  of  a  series  of  vertical  iron  pipes  placed 
in  a  circle. 

Sinking  Shafts. 

A  very  interesting  account  of  the  more  recent  applications  of  the 
Poetsch  process  in  France  has  also  been  given  in  a  paper  upon  the 
use  of  freezing  machinery  for  sinking  through  water-bearing  strata  by 
F.  Schmidt,*  of  which  an  abstract  is  subjoined. 

The  Poetsch  process  was  first  employed  in  the  Houssu  coalfields  of 
Hainault  in  1885,  having  been  introduced  into  France  at  a  later  date, 
viz.,  1890,  and  since  extensively  employed  for  sinking  pits  through  the 
tertiary  and  cretaceous  strata  above  the  coal  measures  at  Vendin-Sens, 
Dourges,  Courri^res,  Vicq-Anzin,  and  Flines  lez  Raches,  the  pits  being 
respectively  82  and  84,  47,  45,  102  and  102,  and  70  metres  in  depth. 

The  latter  was  the  most  difficult  undertaking.  The  permeable 
strata  to  be  got  through  was  70  metres,  blue  marls  affording  a  bearing 

•  "Bulletin  de  la  Soci^t6  de  I'lndustrie  Min^rale,"  vol.  ix.,  1^95,  pp.  273-416. 
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for  tubing  at  72  to  79  metres;  the  tertiary  sands  and  clays  were  25 
metres  and  the  chalk  about  50  metres  in  thickness.  At  the  junction  of 
these  formations  a  heavy  sheet  of  water  was  encountered,  which  gave 
from  a  single  bore-hole  a  flow  of  1,200  cubic  metres,  which  rose  to 
2  metres  above  the  surface;  a  second  one  in  the  lower  portion  of  the 
chalk  between  65  and  70  metres  also  overflowed.  Two  brick  towers 
were  constructed  round  the  mouth  of  the  pit,  viz.,  an  inner  one  of 
6  metres  and  an  outer  one  of  11  metres  in  diameter,  and  rising  the  one 
1-6  metre  and  the  other  2*6  metres  above  the  level  of  the  surface,  with 
the  object  of  arresting  these  feeders,  but  were  found  to  be  inefiFectual 
and  incapable  of  maintaining  the  water  level  constant  by  reason  di  a 
lateral  flow  joined  to  subsidence  which  was  set  up  in  the  overlying 
strata  of  sand,  the  arresting  of  which  necessitated  the  sinking  of  a 
special  bore-hole  so  as  to  trap  the  spring  at  a  distance  of  25  metres 
eastward  from  the  pit,  by  which  means  a  steady  head  of  i"6  metre  of 
water  was  got  in  the  towers,  and  the  freezing  operadon  could  be  com- 
menced. 

The  freezing  circuits  were  twenty-two  in  number,  contained  in  bore- 
holes 75  metres  deep,  one  of  which  was  located  in  the  centre  of  the 
pit,  which  was  4*2  metres  in  diameter,  the  remaining  twenty-one  being 
arranged  in  a  ring  6  metres  in  diameter.  An  ammonia-compression 
machine  of  the  Fixary  type  was  used  for  the  production  oi  the  neces- 
sary cold ;  it  was  driven  by  a  500  x  900  millimetre  single-cylinder 
engine,  making  80  revolutions  per  minute,  and  capable  of  producing 
cold  equal  to  i  ton  c^  ice  made  per  hour. 

In  thirty-eight  days  from  the  ist  September,  1894,  upon  which 
date  the  freezing  machine  was  started,  the  ice-wall  was  completed,  and 
the  sinking  commenced  on  the  25th  October,  the  relief  or  special  bore- 
hole bang  stopped  for  good  on  the  5th  November.  At  the  upper 
strata  the  ground  was  broken  up  by  means  of  picks  and  wedges,  but  at 
a  lower  level  blasting  by  means  of  compressed  powder  was  employed. 
The  central  tube  was  disused  and  removed  as  the  sinking  progressed. 
When  a  depth  of  14*8  metres  was  reached  two  oak  seating  rings,  the 
one  22  by  24  centimetres  and  the  other  22  centimetres  square,  were 
secured  in  position  for  the  first  line  of  tubbing,  which  was  composed  of 
segments  of  oak  16  centimetres  to  a  height  of  2*6  metres  above  the  sur- 
face level,  with  a  16  centimetre  backing  of  concrete  increased  to  70 
centimetres  near  the  surface.  A  second  seating  with  curbs  of  22  by. 
24  centimetres  and  22  by  20  centimetres  was  fixed  at  25*93  metres,  and 
a  third  at  43*82  metres,  which  latter  had  three  seating  rings  respec- 
tively nf  22  by  28  centimetres,  22  by  24  centimetres,  and  22  by  22  cen- 
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timetres  in  section,  the  tubbing  rings  being  of  18  centimetres,  with  the 
same  thickness  of  concrete  behind.  By  April,  1895,  the  pit  was  sunk 
to  a  depth  of  70  metres,  and  on  the  ist  May  the  building  of  the  tub- 
bing was  completed.  Light  was  provided  by  incandescent  electric 
lamps  supplied  with  electricity  from  a  d3mamo  situated  in  the  same 
building  as  the  freezing  machine. 

The  cost  of  sinking  in  frozen  ground  per  metre  was  as  follows : — 

Francs. 

Freezing 1,550 

Sinking 150 

Tubbing 650 

Concreting  and  sundries 50 

2,400  per  metre. 

The  Poetsch  method  of  sinking  has  been  also  lately  successfully 
employed  at  the  coal-field  of  Ligny-les-Aire  in  a  sinking  through  a  per- 
meable covering  of  about  86  metres,  and  in  the  repair  of  the  cylinder 
pits  of  the  Fontinette  Canal  lift  These  pits,  which  were  of  4  metres 
in  diameter,  were  sunk  by  compressed  air  and  tubbed  with  cast-iron 
between  1883  and  1887.  In  1893,  however,  owing  to  an  irregular  sub- 
sidence of  the  ground,  they  became  leaky,  and  it  was  decided  to  replace 
the  iron  lining  by  one  of  brickwork  of  80  centimetres  in  thickness,  thus 
reducing  the  diameter  from  the  original  4  metres  to  37  metres, 
with  a  considerable  increase  in  the  bottom  bearing  of  the  press,  which 
was  to  consist  of  a  cylindrical  block  of  brickwork  5  307  metres  in  dia- 
met^  and  2  metres  in  height.  In  the  canying  out  c^  these  repairs 
it  was  decided  to  adopt  the  freezing  process  in  preference  to  using 
compressed  air,  so  as  to  avoid  any  chance  of  disturbing  the  ground,  and 
thus  causing  damage  to  the  neighbouring  buildings. 

The  work  was  commenced  at  the  right-hand  press,  the  boat-cradle 
being  secured  at  its  highest  level  by  means  of  two  supporting  girders 
of  40  metres  in  depth ;  the  pistCHi  was  disconnected ;  and  twenty  bore- 
holes arranged  on  a  circle  of  6*307  metres  in  diameter,  or  99  centi- 
metres apart,  and  one  placed  centrally,  were  provided  for  freezing. 
These  bore-holes  were  about  2  metres  deeper  than  the  bottom  of  the 
new  foundation,  and  lined  with  tubes  of  150  millimetres  in  bore  and  of 
5  millimetres  in  thickness,  formed  of  steel.  The  freezing  tubes  were 
likewise  of  steel  and  125  millimetres  in  diameter,  and  the  inside  brine 
supply  pipes  of  iron  and  33  millimetres  in  diameter ;  the  collecting  rings 
were  of  100  millimetres  bore  by  5 '050  metres  diameter  on  the  admis- 
sion, and  57  metres  diameter  on  the  return  circuit. 

Mr.  Schmidt  does  not  think  that  the  methods  of  working  proposed 
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by  Mr.  Gobert  and  Mr.  Koch  are  likely  to  afford  as  favourable  results 
as  are  obtainable  by  the  original  method.  The  first  of  these  gentlemen 
proposes  to  volatilise  the  liquefied  ammonia  in  the  freezing  circuits; 
and  the  latter  depends  entirely  upon  gaseous  expansicm. 

The  paper  also  contains  descriptions  of  the  combined  method  of 
freezing  and  fire-setting  in  frozen  ground  used  for  prospecting  for 
gold  in  the  alluvial  deposits  of  the  Siberian  rivers  during  the  winter. 

The  following  extracts  are  taken  from  an  account  of  Mr.  Gobert's 
system*  given  in  "  The  Colliery  Manager's  Handbook  " : — 

This  is  a  modification  of  the  Poetsch  congelation  method,  and  is 
specially  applicable  to  the  sinking  of  shafts  through  shifting  sands 
and  water-bearing  strata. 

Fig.  291  is  a  vertical  section  and  Fig.  292  a  plan  showing  the 
refrigerating  plant  and  the  shaft  to  be  sunk,  the  two  being  as  near 
each  other  as  possible,  and  the  shaft  being  lightly  roofed  over  as  a 
protection  from  the  weather.  The  power  of  the  steam  engine  required 
varies  with  the  diameter  and  depth  of  the  shaft  to  be  sunk,  and  need 
not  exceed  40  horse-power  unless  the  shaft  is  deep.  The  ateam  engine 
and  compressor  are  placed  horizontally  side  by  side,  and  connected  to 
the  same  shaft,  with  a  fly-wheel  and  pulley  for  belting  between  them. 

Liquid  ammonia  is  forced  by  the  compressor  through  the  series  of 
wrought-iron  tubes  of  the  condenser,  first  to  the  reservoir,  which  acts 
as  a  kind  of  governor,  and  then  by  the  lower  of  the  two  pipes  seen  in 
the  vertical  section  to  the  system  of  congelation  tubes  round  the  shaft. 
Great  heat  results  from  compressing  the  gaseous  into  liquid  ammonia, 
and  in  order  to  abstract  it,  the  condensers  have  a  relatively  large 
surface,  and  cold  water  is  caused  to  circulate  freely  round  them. 
This  water  is  kept  in  a  state  of  agitation  by  means  of  the  small  water 
wheels  with  floats,  shown  in  the  drawings,  driven  by  belts  off  the  pulley 
on  the  main  shaft 

The  machinery,  by  means  of  the  upper  of  the  two  pipes  seen  in 
the  vertical  section,  exhausts  gaseous  ammonia  from  the  congelation 
tubes,  sunk  vertically  beneath  the  surface  of  the  earth  round  the  site  of 
the  shaft,  and  forces  it,  condensed  into  a  liquid  form,  first  through  the 
apparatus  for  separating  the  oil  (see  Fig.  292),  and  then  into  the 
condenser. 

The  compressor  piston  is  freely  lubricated  with  mineral  oil,  and 
some  of  the  ammonia  comes  into  contact  with  and  is  absorbed  by 

♦  For  further  description  and  illustration  01  the  system  see  "  The  Colliery 
Manager's  Handbook,**  by  Caleb  Pamely,  M.E.,  published  by  Crosby  Lockwood 
and  Son,  London. 
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it    The  mixture  might  choke  the  tubes  of  the  condensers,  and  pos- 
sibly even  reach  the  congealing  tubes,  if  the  twn  substances  were  not 


separated.  This  is  effected  chiefly  by  the  oil-separator,  but,  as  an 
additional  precaution,  a  space  is  provided  at  the  bottom  of  each 
congelation  tube  for  the  reception  of  any  oil  that  may  be  carried 
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XYitxt.  The  oil  retained  in  the  separator  is  not  effectually  separated 
from  the  ammonia,  but  is  slightly  mixed  with  it;  this  ammonia,  how- 
ever, is  recovered  in  the  purifier,  where  it  is  driven  off  by  distillation. 


1 


I 


The  distillation  is  effected  by  means  of  a  worm  through  which  steam 
from  the  boiler  circulates;  the  ammonia  vapour  is  led  by  a  smaJl 
curved  pip^  seen  in  Pig.  291,  into  the  main  pipe,  leading  the  gaseous 
ammonia  from  the  shaft  to  the  compressor. 
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Over  the  centre  of  the  area  forming  the  intended  shaft  are  two 
pipe-rings,  the  lower  of  which  is  in  connection  with  the  ingoing  pipe, 
and  receives  the  liquid  ammonia,  and  afterwards  distributes  it  by  the 
radial  pipes  to  the  vertical  congelation  pipes  sunk  in  a  circle  below  the 
surface  of  the  earth.  The  upper  ring  is  in  connection  with  the  return 
pipe,  and  forms  a  receiver  for  the  collection  of  the  gaseous  ammonia 
from  separate  orifices  in  the  same  congelation  tubes  after  it  has  by 
evaporation  in  these  tubes  produced  the  desired  refrigerating  effect. 
The  gaseous  ammonia  is  drawn  from  the  upper  ring  pipe  to  the  con- 
denser through  the  return  pipe. 

The  liquid  ammonia  is  not  allowed  to  fall  to  the  bottom  of  the  tube 
and  collect  in  a  mass,  but  in  order  to  cause  the  evaporation  of  the 
greatest  possible  amount  of  liquid  in  a  given  space  of  time,  the  small 
pipe  for  leading  the  freezing  liquid  through  the  tube  is  made  to  assume 
either  a  wavy  or  a  spiral  form,  as  shown  in  Figs.  293  and  294,  in 
which  A  represents  the  congealing  tube,  b  the  pipe  for  leading  the  freez- 
ing liquid,  and  c  small  holes  for  allowing  the  liquid  to  escape  into  the 
tube,  at  points  more  or  less  frequent,  as  may  be  desired.  The  injecting 
pipe  is  led  down  nearly  but  not  quite  to  the  bottom  of  the  congealing 
tube,  and  both  pipe  and  tube  are  closed  at  the  bottom.  The  entrance  of 
the  congealing  liquid  into  the  injecting  pipe  is  carefully  regulated,  and 
descends  slowly  in  a  thin  stream,  the  flow  being  retarded  by  the  waves 
or  spirals,  and  giving  up  a  part  of  itself  at  intervals. 

The  source  of  heat  necessary  for  evaporating  the  liquid  is  the 
higher  temperature  of  the  surrounding  strata,  and  this  heat  passes  not 
only  through  the  thickness  of  the  congealing  tube,  but  also  across  the 
frozen  wall  which  soon  surrounds  it.  By  this  arrangement  the  liquid 
to  be  evaporated  escapes  into  the  congealing  tube  at  all  depths  simul- 
taneously, and  the  whole  source  of  heat  available  is  thus  utilised  at  the 
same  time  for  evaporating  the  freezing  liquid.  In  other  words,  the 
refrigeration  is  effected  simultaneously  at  all  points. 

The  diameter,  number,  and  arrangement  c^  the  holes  in  the  in- 
jecting pipe,  and  also  the  pitch  of  the  spirals  or  undulations,  are 
varied  in  accordance  with  the  depth  in  order  to  produce  a  greater 
freezing  effect  at  special  points,  or  a  uniform  freezing,  in  accordance 
with  the  requirements.  A  congelation  may  therefore  be  arranged  to 
have  the  frozen  column  of  larger  diameter  at  the  bottom  than  at 
the  top,  on  the  supposition  that  the  measures  are  of  uniform  con- 
sistency, in  order  that  its  stability  may  be  maintained  while  the  shaft 
is  being  sunk  through  it. 

The  anrows  in  Figs.  291  and  292  show  the  course  of  the  ammonia 
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Fig.  893.  Fig.  194.  Fig,  295. 

Gobert  Congdadon^^Metliod  of  Sinking, Shafts.     Details  of  Conslniction. 
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in  its  passage,  as  a  liquid,  from  the  compressor  to  the  condensers, 
and  then  on  to  the  congelation  tubes,  and  also  its  return,  in  a  gaseous 
state,  from  the  congelation  tubes  to  the  compressor,  to  be  again 
liquefied,  and  so  on.  The  same  ammonia  serves  indefinitely,  with 
the  addition  of  a  small  quantity  to  compensate  for  waste. 

The  process  requires  a  large  quantity  of  cold  water  for  use  at  the 
condensers,  but  this  must  not  be  drawn  from  any  point  so  near  the 
site  of  the  shaft  as  to  create  a  current,  which  might  oppose  and  retard 
the  congelation  by  licking  or  washing  the  congelation  tubes,  thus 
depriving  them  of  their  refrigerating  effect,  which  would  be  carried 
away  instead  of  going  into  the  surrounding  sand. 

When  the  wet  sand  or  loose  material  has  been  frozen  round  the 
tubes,  sinking  may  be  commenced  with  a  small  windlass  placed 
between  the  collecting  and  distributing  rings  and  the  circumference 
of  the  circle  of  congelation  tubes.  The  men  enter,  and  the  excavated 
material  is  removed,  laterally,  near  the  surface,  between  two  congela- 
tion tubes,  where  also  access  is  obtained  for  the  segments  of  tubbing. 

More  important  winding  apparatus  must  of  course  replace  the 
windlass  when  the  sinking  has  reached  a  depth  of  two  or  three 
fathoms;  then,  if  the  arrangements  have  been  made  judiciously  and 
due  precautions  taken,  the  frozen  mass  will  be  so  large  as  to  require 
slighter  refrigerating  power  to  maintain  it  than  that  required  for  its 
production.  This  allows  of  the  removal  of  one  or  two  radial  pipes 
for  distributing  the  ammonia  in  order  to  allow  of  more  space  for  the 
working  of  a  winding  engine. 

A  great  advantage  claimed  for  the  Gobert  modification  is  that  if 
the  congelation  tube  be  siurrounded  with  water  and  there  be  a  defective 
joint,  the  water  will  simply  enter  the  tube^  on  account  of  the  pressure 
therein  being  less  than  that  outside.  If  such  an  accident  occurs  at 
all  it  is  usually  after  congelation  has  proceeded  for  some  time  and  the 
tube  is  already  surrounded  with  ice ;  there,  will  then  be  no  interruption 
in  the  work.  The  liquid  ammonia  always  enters  the  tubes  at  a  tem- 
perature above  freezing  point,  and  in  practice  varies  from  between 
20°  and  35°  Cent.  (68°  to  95°  Fahr.).  The  cold  produced  is  due  to 
the  liquid  ammonia  becoming  volatilised  in  the  tubes. 

It  is  of  course  impossible  to  entirely  guard  against  leaky  joints. 
The  thrust  of  the  superincumbent  measures  severely  tries  them,  but 
special  attention  has  been  given  to  the  design  of  the  joints  in  order 
to  increase  their  power  to  resist  the  strains  to  which  they  may  be 
subjected.  The  method  of  connecting  the  ends  of  congelation  tubes 
has  been  by  screwing  one  end  into  another  without  internal  sockets. 
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The  thinning  of  these  tubes  at  the  joints  frequently  causes  them  to 
break  in  being  withdrawn  from  the  ground. 

The  form  of  joint  xised  by  Mr.  Gobert  is  shown  in  Fig.  295.  Its 
chief  feature  is  an  internal  collar,  or  ring,  shown  by  crossed  hatchings  in 
the  section.  This  collar  has  an  outside  flange  of  the  same  outside  diameter 
as  that  of  the  tubes  which  it  serves  to  connect.  The  flange  is  undercut 
on  both  sides  so  as  to  be  of  dovetailed  section.  Each  end  of  a  tube 
is  also  bevelled  or  curved  off  so  as  to  afford  with  the  collar  flange 
a  groove  wider  inside  than  out,  holding  and  compressing  the  lead 
ring  or  washer  instead  of  forcing  it  outwards,  thus  affording  an  abso- 
lutely tight  joint  when  the  ends  of  the  tubes  are  screwed  on  to  the 
collar.  In  some  cases,  especially  for  joining  the  smaller  size  of  tubes, 
the  internal  collar  is  made  without  a  flange,  and  then  only  one  lead 
washer  is  used  placed  between  the  ends  of  the  tubes,  which  must  be 
bevelled  and  curved  just  the  same  as  when  the  collar  is  flanged. 
On  the  tubes  being  screwed  up,  they  squeeze  the  washer  between  them, 
just  as  the  gland  of  a  stuffing  box  compresses  the  packing.  The  outer 
lines  of  the  section,  Fig  295,  shows  the  form  and  extent  to  which  a 
tube  was  covered  with  ice  after  having  been  immersed  for  32  hours  in 
a  tank  filled  with  water;  the  ice  weighed  62  kilogs.  (137  lbs.)  at  the  end 
of  the  operation.  If  the  tube  had  been  immersed  in  wet  sand  instead 
of  clear  water,  the  congelation  would  have  been  more  rapid.  One  of 
the  two  smaller  tubes  shown  at  the  top  of  the  congelation  tube  serves 
to  introduce  the  liquid  ammonia,  while  the  other  carries  off  the  gas  to 
the  upper  ring-pipe. 

Instead  of  ammonia,  any  other  liquid  susceptible  of  easily  assuming 
the  gaseous  state,  such  as  liquid  carbonic  acid  or  liquid  anhydrous 
sulphurous  acid,  may  be  employed  with  a  suitable  modification  of  the 
engine. 


CHAPTER  XVIII. 
ICE-MAKING. 

Various  Methods  of  Ice-Making.— The  Can  System. — The  Wall  or  Plate  System. — 
The  Stationary  Cell  System. — MisceUaneous  Arrangements  for  Making  Clear  or 
Crystal  Ice  by  Agitation. — Holden  System  of  Ice-Making. — Water  De-aerating 
or  Distilling  Apparatus. — Vacuum  System  of  Ice-Making. — Imitation  of  Natural 
System. — Ice  Factories. — Ice  Elevating  and  Conveying  Machinery. — Ice-Making, 
General. — Brine. — Storing  Ice. — Ice-Crushing  or  Breaking  Machinery. 

The  specific  gravity  of  ice  made  from  de-aerated  water  is,  according  to 
De  Mairan,  '926;  its  specific  heat  is  '504;  at  a  temperature  of  32° 
Fahr.  i  cubic  in.  =  '03344915.,  i  cubic  foot  =  57789872  lbs. ;  i  lb.  = 
29*896259  cubic  in.,  or  '0174  cubic  ft.  The  equivalent  of  a  ton  of  ice 
is  318,080  thermal  units,*  that  is  to  say,  that  this  is  the  amount  of  heat 
that  would  be  required  to  convert  i  ton  of  ice  at  a  temperature  of  32° 
Fahr.  into  a  ton  of  water  at  a  temperature  of  32°  Fahr. ;  or,  on  the 
other  hand,  it  is  the  amount  of  heat  that  it  is  necessary  to  extract  from 
I  ton  of  water  at  a  temperature  of  32°  Fahr.  in  order  to  convert  it  into 
a  ton  of  ice  at  a  temperature  of  32°  Fahr.  The  amount  of  heat  that 
would  have  to  be  abstracted  from  a  ton  of  water  at  60^  Fahr.  to  form  a 
ton  of  ice  at  32°  is  382,144  units. 

When  the  manufacture  of  artificial  ice  first  assumed  the  proportions 
of  an  industry  no  great  thought  was  given  to  the  quality  of  the  pro- 
duct, and  consequently  all,  or  the  greater  part,  of  the  ice  so  made  was 
opaque. 

Soon,  however,  a  demand  for  a  superior  article  arose,  and  it  became 
necessary  to  introduce  means  for  the  production  of  clear,  transparent, 
crystal  ice;  the  result  being  numerous  inventions  and  patented  devices 
of  more  or  less  efficacy. 

*  A  thermal  unit  is  that  amount  of  heat  necessary  to  raise  the  temperature  ot 
I  lb.  of  water  i**  by  the  Fahrenheit  scale  when  at  39*4".    Mecb.  eq.  778  pounds. 
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The  reason  why  the  blocks  of  ordinary  artificial  ice  are  formed 
opaque  is  that  the  rapidity  of  the  freezing  process  prevents  the  air 
contained  in  solution  in  the  water  from  escaping,  and  this  opacity  in- 
creases towards  the  centres  of  the  blocks,  and  is  less  in  hot  climates 
than  in  colder  ones  because  the  quantity  of  air  held  in  the  water  de- 
creases as  its  temperature  is  raised.  Not  only  is  this  opacity  objec- 
tionable by  reason  of  the  less  pleasing  appearance  of  the  ice,  but  also 
on  account  of  the  far  inferior  keeping  qualities  of  the  article. 

Various  Methods  of  Ice-Making. 

Five  methods  may  be  employed  for  preventing  this  opacity  and 
forming  clear,  transparent,  crystal  ice,  viz.,  by  freezing  the  water  slowly 
at  comparatively  high  temperatures;  by  agitating  the  water  in  cans, 
moulds,  or  cases  during  the  process  of  freezing,  so  as  to  admit  of  the 
escape  of  the  contained  or  imprisoned  air;  by  forming  thin  slabs  of 
ice  on  what  Is  known  as  the  wall  or  plate  system;  by  freezing  water 
in  shallow  stationary  cells;  and  finally  by  de-aerating  or  depriving  the 
water  of  its  air  before  placing  it  in  the  moulds  or  cells. 

The  first  of  these  plans,  besides,  at  best,  only  producing  blocks  of 
ice  partially  clear,  was  so  extremely  slow,  and  required  the  use  of  such 
a  large  nimiber  of  cans  or  moulds,  and  correspondingly  large  tanks,  as 
to  thereby  render  the  first  cost  of  the  apparatus  ruinously  high,  and 
it  was  consequently  soon  abandoned  altogether;  a  modification  of  the 
same  method  wherein  the  temperature  of  the  liquid  or  medium  used 
for  abstracting  the  heat  from,  and  freezing  the  water,  was  gradually 
decreased,  having  likewise  experienced  the  same  fate. 

The  second  method,  or  agitation,  can  be  more  or  less  successfully 
carried  out  in  a  number  of  different  ways,  but  has,  likewise,  certain 
drawbacks;  for  instance,  complication  of  mechanism,  increased  first 
cost  of  plant,  etc. 

The  third  and  fourth  methods,  or  the  wall  or  plate  and  shallow 
stationary  cell  systems,  are  also  objectionable,  by  reason  of  the  extent 
of  the  plant  required  and  the  slowness  of  the  process. 

The  fifth  method  or  that  wherein  the  water  is  first  de-aerated,  that 
is  to  say,  the  air  is  expelled  from  the  water  before  it  is  placed  in  the 
cans,  moulds,,  or  cases,  is,  all  things  considered,  perhaps  the  most 
satisfactory,  and  is  in  extensive  use  in  many  works  where  large  quanti- 
ties of  ice  are  made. 

As  the  refrigeration  of  cold  stores  or  chambers,  so  also  the  manu- 
facture of  ice  with  modem  machines  may  be  divided  into  two  main 
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systems,  that  is  to  say,  the  one  wherein  brine  previously  reduced  in 
temperature  in  the  cooler  or  refrigerator  of  the  machine  is  used  for 
freezing  the  water,  and  the  other  wherein  the  said  freezing  or  congela- 
tion is  eflfected  by  the  direct  expansion  of  the  refrigerating  agent. 

It  will  be  readily  seen  that  the  latter  system  enables  a  very  con- 
siderable amount  of  appai'atus,  essential  in  the  first,  to  be  entirely  dis- 
pensed with;  prevents  the  loss  of  efficiency  due  to  a  second  trans- 
mission of  heat ;  and,  moreover,  avoids  the  mess  and  inconvenience  so 
frequently  occasioned  by  a  careless  or  unskilful  use  of  the  brine  solution. 

Much  greater  difficulties,  however,  have  to  be  surmounted  before 
the  direct  expansion  system  can  be  successfully  applied  to  ice-making, 
than  is  the  case  with  the  cooling  or  refrigerating  of  cold  stores  or 
chambers.  In  the  latter,  indeed,  all  that  is  required  to  ensure  com- 
plete success  is  a  perfectly  gas-tight  system  of  pipes,  and  as  a  pipe  of 
no  ver}'  great  diameter  forms  the  safest,  surest,  and  least  expensive 
method  of  imprisoning  or  confining  a  gas  of  a  searching  nature,  it  con- 
sequently follows  that  no  insurmountable  difficulty  is  here  experienced. 
But  the  freezing  or  congelation  of  water  is  quite  another  matter,  and 
requires  jstraight  surfaces,  as  it  is  not  only  very  difficult  to  remove  the 
ice  that  becomes  formed  round  pipes,  but  a  very  considerable  portion 
of  it  is  also  wasted  in  so  doing.  Hitherto  attempts  to  construct  straight 
surfaces  with  sufficiently  gas-tight  joints  have  proved  more  or  less  a 
failure. 

Amongst  the  numerous  different  methods  devised  for  agitating  the 
water  whilst  it  is  freezing,  mention  may  be  made  of  the  following : — 
The  insertion  into  the  can  or  case  of  ajmetal  or  other  bar  which  has  im- 
parted to  it  a  vertical  reciprocating  motion  through  a  revolving  shaft 
and  cam  or  wiper,  or  by  a  crank  on  the  shaft,  or  the  placing  in  the 
can  or  case  of  a  wooden  or  other  paddle  which  is  moved  to  and 
fro,  or  of  an  endless  screw  or  spiral  which  is  rotated  by  any  suitable 
mechanism.  The  introduction  into  the  can  or  case  of  a  pipe  extending 
to  within  a  short  distance  of  the  bottom  thereof,  and  through  which  a 
ciurent  of  cold  air  is  forced,  which  rising  in  bubbles  through  the 
water,  produces  a  circulation  in  the  latter.  The  imparting  of  a  rocking 
or  oscillating  motion  to  the  can  or  case  itself  during  the  freezing 
operation. 

The  main  objection  to  those  arrangements  wherein  some  form  of 
agitator,  or  the  above-mentioned  air  tube,  is  inserted  into  the  can  or 
case,  is  the  necessity  for  withdrawing  them,  at  or  near  the  termination 
of  the  freezing  operation,  to  prevent  them  from  being  frozen  into  the 
blocks  of  ice. 

£  E 
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In  the  last-named  method,  the  gear  for  imparting  motion  to  a  laige 
number  of  cans  or  cases  is  found  to  be  exceedingly  cumbersome,  and 
has  besides  to  be  disconnected,  to  allow  of  their  being  lifted  from  the 
ice-making  tank  or  cistern  to  remove  the  finished  blocks  of  ice  there- 
from. 

The  Can  Svsteu. 

Fig.  296  shows  a  patented  arrangement  crf  Pontifex  and  Wood's 
for  making  clear  or  transparent  pyramids  of  ice  suitable  for  table 
decoration,  etc.     The  ice-making  box  or  tank  a  is  fonned  of  iron, 
wood  lagged,  and  the  intervening  space  is  filled  with  sawdust.     The 
ice-moulds  or  cases  b  are  made  of  galvanised 
wrought-iron,  and  are  of  a  suitable  pyramid- 
ical    form;    and    the    agitators    C    consist    of 
spirals  or  endless  screws,  which  are  kept  con- 
stantly rervolving,  during  the  freezing  di  the 
block,  by  gut  or  other  bands  d,  gearing  on 
pulleys  E,   fixed   upon  the  vertical   spindles 
carrying   the  said    spirals   or   endless   screws, 
and  upon  a  horiztmtal  shaft  f,  supported  in 
bearings  in  brackets  secured  to  the  side  of  the 
tank,  to  which  latter  shaft  rotary  motion  is 
imparted  through  belt  gearing  from  any  avajl- 
p™,    A  ^'^  source  of  power,  as  is  very  clearly  shown 

mLuib    B^    OT^Ta^k!     in  ^^^  drawing.       When  the  block  is  nearly 
Vertical  Section.  frozen  solid  the  agitators  must  be  withdrawn, 

for  which  purpose  the  brackets  canying  the 
spiral,  or  endless  screws,  are  so  secured  to  the  tank  as  to  be  readily 
removable  therefrom. 

By  arresting  the  freezing  action  before  the  block  is  frozen  quite 
solid  the  central  hollow  can  be  filled  up  with  fruit,  flowers,  or  other 
objects,  and  afterwards  the  congelation  completed,  thus  producing  very 
beautiful  effects. 

Fig.  297  is  a  perspective  view  showing  a  can  ic&box  with  agitators, 
which  is  the  oldest  and  simplest  method  of  making  clear  or  crystal 
ice.  The  construction  of  the  apparatus,  which  is  of  the 
Pontifex-Wood  improved  type,  will  be  very  readily  aM>arent  from 
the  drawing.  The  agitators  c,  which  are  very  readily  removable, 
are  operated  through  rods  running  upon  rollers,  to  which 
rods  a  reciprocating  motion  is  imparted  fnwn  a  rocking 
shaft    G,    mounted    at    one    end    of    the    tank,    through    suitable 
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connecting-rods.  The  ice-making  tank  a  is  similar  in  construction  to 
that  shown  in  Fig.  296,  but  is  of  larger  dimensions,  and  is  filled  with 
brine,  a  circulation  of  which  is  kept  up  from  the  coils  of  pipes  in 
the  cooler  of  the  refrigerating  machine  by  a  brine-pump,  in  the  usual 
manner.  The  ice-cans  or  moulds  b  are  formed  of  galvanised  iron, 
and  the  blades  of  the  agitators  c  are  of  wood.  To  remove  the  finished 
blocks  of  ice  from  the  moulds  or  cans  they  are  dipped  for  a  few 
seconds  in  a  tank  containing  warm  water,  which  may  be  derived  from 
that  running  to  waste  from  any  convenient  source.  The  sizes  of  the 
blocks  of  ice  made,  vary  from  a  ft,  x  a  ft.  x  6  in.  in  thickness  up  to 
3  ft.  6  in.  X  3  ft  6  in.  x  12  in.  in  thickness,  and  in  weight  from 
1  cwt.  up  to  6  cwts.,  according  to  the  dimensions  of  the  cans  employed. 


Fig.  297. — Boi  or  Tank  for  making  Ice  on  (he  Can  System. 

Fig.  298  is  a  vertical  longitudinal  section  showing  the  "  Eclipse " 
can  ice-box,  made  by  the  Frick  Co.  The  interior  airangement  of  the 
trunk  and  ammonia  evaporating  pipes  or  coils,  ice^moulds  or  cans, 
frame  work  for  holding  the  cans  in  position,  with  the  wooden  covers, 
are  all  clearly  shown  in  the  engraving. 

Puplett's  agitators  for  liberating  the  air  from  the  water  during 
freezing  are  also  reciprocated  by  crank  mechanism.  They  are,  more- 
over, so  arranged  that  as  the  ice  grows,  and  it  becomes  necessary  or 
desirable  to  reduce  the  width  of  the  paddles  or  agitator-blades,  the 
latter  can  be  feathered  by  giving  them  a  quarter-turn  in  +  shaped 
.  slots. 

This  system  of  making  clear,  crystal,  transparent  ice  has,  as  already 
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stated,  several  objectionable  features,  which  may  shortly  be  summed  up 
as  follows : — 

The  blades  of  the  agitators  occupying  the  centres  of  the  cans  or 
moulds  whilst  the  blocks  are  freezing,  have  to  be  withdrawn  at  the 
finish,  in  order  to  prevent  thdr  becoming  frozwi  into  the  blocks,  conse- 
quently the  spaces  occupied  by  them  during  thwr  traverse  have  to  be 
congealed  without  agitation,  with  the  result  that  each  block  has  a 
narrow  core  of  semi-transparent  or  almost  opaque  ice  in  the  centre, 
which,  to  a  slight  d^ree,  spoils  its  appearance,  although  the  keeping 
qualities    of    the   ice    are    not    affected    thereby.     If,    however,    any 


Fig.  298.— "Eclipse"  Can  Ice-making  Boi.     Vertical  Longitudinal  Section. 

impurities  are  contained  in  the  water  they  become  frozen  up  in  the 
blocks  and  show  through  them,  to  the  considerable  detriment  of  their 
appearanca 

The  unavoidable  freezing  erf  the  blocks  at  different  speeds  fre- 
quently results,  with  careless  watching,  in  some  of  the  agitator  blades 
or  paddles  getting  frozen  in  prematurely,  and  broken  off.  The  cans  or 
moulds  are  sometimes  filled  too  full  of  water,  which,  in  consequence 
of  the  expansion  due  to  freezing,  runs  over  into  the  brine  solution  and 
dilutes  it,  in  some  cases  to  such  an  extent  as  to  cause  it  to  freeze  or 
congeal  at  the  ordinary  working  temperature  of  the  machine. 

The  additional  weight  of  the  cans  or  moulds  which  have  to  be 
lifted  with  the  blocks  of  ice  entails  an  extra  expenditure  of  labour,  and 
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the  constant  handling  thereof  renders  their  lives  short,  and  necessitates 
a  large  stock,  and  frequent  repairs  and  renewals. 

To  obviate  the  first  of  these  objections,  wooden  frames  have 
been  sometimes  placed  in  the  centres  of  the  moulds  or  cans,  inside 
which  the  agitators  are  adapted  to  work,  a  block  of  ice  being  frozen 
up  at  each  end.  This  however,  gives  rise  to  further  serious  objections, 
the  wooden  frames  having  to  be  removed  from  the  moulds  or  cans 
with  the  ice  blocks,  detached  therefrom  by  means  of  chisels,  and 
again  replaced  in  the  moulds,  and  a  certain  quantity  of  dirty  water  has 
moreover  to  be  pumped  out  of  each  of  the  latter  before  the  with- 
drawal of  the  ice  block  and  frame  therefrom,  both  of  which  operations 
entail  much  additional  labour.  The  unequal  rate  of  freezing  of  the 
blocks  causes  some  of  them  to  come  out  of  an  uneven  shape  and 
under  their  proper  weight,  owing  to  the  large  holes  in  their  centres. 

Every  apparatus  for  making  ice  on  this  system  should  be  fitted  with 
an  arrangement  for  automatically  supplying  to  each  can  or  mould  a 
sufficient  predetermined  charge,  and  no  more.  In  the  absence  of  this, 
however,  a  gauge  should  be  used,  and  the  greatest  care  in  filling  the 
cans  should  be  exercised.  The  moulds  or  cans  should  not  be  filled  to 
more  than  within  6  in.  of  the  top. 

On  the  other  hand,  again,  the  can  system  has  several  well-defined 
advantages  which  certainly  deserve  full  consideration.  For  instance, 
the  first  cost  of  the  simple  apparatus  is  low  as  compared  to  many 
others;  the  blocks  of  ice  produced  being,  as  a  rule,  of  an  uniform  given 
size  and  weight,  the  necessity  for  weighing  them  is  dispensed  with,  and 
they  are  very  convenient  to  load  and  pack ;  should  a  can  become  leaky 
it  can  be  placed  on  one  side  for  repairs  and  a  spare  one  inserted  in  its 
place  without  dday ;  and,  lastly,  the  construction  of  every  part  of  the 
apparatus  is  so  simple  that  it  can  be  made  or  repaired  by  any  ordinary 
engineer  without  special  knowledge  of  ice-making  machinery. 

The  cold  brine  in  the  ice-making  tank  or  box  is  circulated  or  agi- 
tated by  means  of  a  duplex,  centrifugal,  or  other  suitable  pump,  or  by 
means  of  a  propeller.  The  latter,  one  form  of  which,  made  by  the 
"  Triumph  "  Machine  Company,  is  shown  in  Fig.  299,  is  the  cheapest 
arrangement,  and  is  sufficiently  efifective.  The  shaft  of  the  above  pro- 
peller is  made  of  the  best  bronze  metal,  with  three  bearings  fitted  with 
ring  oilers.  The  bearings  are  of  double-brace  make.  This  propeller 
may  be  operated  by  belt-gearing  from  a  small  engine,  or  by  an  elec- 
tric motor,  or  any  other  available  source  of  power. 

Fig.  300  is  a  brine  strainer  of  a  pattern  made  by  the  Frick  Com- 
pany, and  the  construction  of  which  is  obvious  from  the  drawing, 
which  shows  it  in  vertical  central  section. 
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Many  ingenious,  but  mostly  complicated  and  expensive,  mechanical 
arrangements  have  been  also  devised  for  facilitating  the  handling  of  the 
cans  or  moulds,  and  so  lessening  the  labour  of  moving  them,  a  brief 


Fig.  299. — PropeDer  for  Circulating  or  Agitating  Brine  in  Ice- 
making  Tank  or  Box.     Side  Elevation. 

description  of  some  of  the  best  and  simplest  of  which  will  be  found  at 
the  end  of  this  chapter. 

In  1885  Carl  Linde  patented  an  invention  designed  to  overcome  the 
objection  to  having  to  remove  the  agitators  when  the  freezing  of  the 
blocks  of  ice  is  nearly  completed,  by  providing  suital^le  means  whereby 


Fig.  300.—  Bnne  Strainer,  Frick  Pattern.     Vertical  Central  Section* 


a  horizontal  flow  of  water  is  determined  throughout  the  whole  depth 
of  the  mould  from  one  end  to  the  other  during  congelation,  by  external 
mechanism. 

The  Wall  or  Plate  System. 

In  the  plate  or  wall  system,  which  was  invented  by  Twining  and 
Harrison,  in  1850— 1856,  one  or  more  hollow  or  cellular  plates,  or 
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walls,  of  sheet  or  cast-iron  are  fixed  in  a  properly  insulated  tank,  which 
contains  the  fresh  water  to  be  frozen,  and  a  circulation  of  cold  brine  is 
kept  up  through  these  hollow  plates  <x  walls.  The  brine  is  either 
cooled  in  a  brine-cooler  or  rrfrigerator  by  evaporating  coils  connected 
to  the  gas-pump  iir  compressor,  in  the  case  of  an  ammonia  compression 
machine,  or  to  the  absorber  in  an  ammonia  absorption  machine,  in  the 
usual  or  ordinary  manner;  or  the  refrigerating  coils  may  be  placed 
witiun  the  hollow  or  cellular  walls  or  plates  themselves.  In  a  short 
time  ice  will  begin  to  form  on  both  sides  of  the  plate,  and  layers  of  ice 
become  gradually  built  up  thereon.  To  remove  these  layers  or  slabs 
of  ice,  the  cold  brine  is  withdrawn,  and  warm  or  tepid  brine  passed  into 


Fig.  301  .—Box  or  Tank  for  Making  Ice  on  the  Plate  or  Wall  System. 

the  hollow  or  cellular  plates  or  walls,  when,  the  slabs  are  melted  or 
thawed  off  and-  detached  therefrom. 

In  Fig.  301  is  illustrated  an  improved  ice-making  tank  or  box  on 
the  wall  or  plate  system,  also  designed  by  Pontifex  and  Wood.  The 
construction  and  operation  of  an  apparatus  of  this  type  has  been 
already  briefly  described  at  the  commencement  of  this  chapter.  The 
hollow  or  cellular  walls  H,  which  are  formed  of  galvanised  irc»i,  are,  as 
will  be  seen  from  the  drawing,  fixed  vertically  to  the  hollow  cast-iron 
ends  of  the  tank  a.  The  agitators  t  are  similar  in  construction  to  those 
shown  in  Fig.  246,  and  are  reciprocated  in  a  like  manner.  The  cold 
brine  is  circulated  through  the  hollow  ends  and  hollow  or  cellular  walls, 
and  suitable  cocks  and  connections  are  provided  which  admit,  when  the 
freezing  is  finished,  of  the  cold  brine  being  completely  dnuned  out  of 
the  hollow  or  cellular  walls  into  the  cold  brine   tank,   and  warm 
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brine  being  introduced,  by  a  small  pump,  from  a  warm  brine  tank 
heated  by  a  coil  of  pipes,  so  as  to  melt  or  thaw  the  ice  slabs  off  the 
walls  or  plates,  and  leave  them  ready  for  removal. 

The  hollow  or  cellular  walls  are,  moreover,  so  constructed  as  not 
to  reach  quite  to  the  bottom  of  the  ice-making  tank,  and  in  this  space 
all  the  impurities  voided  by  the  water  settle.  The  freezing  is  gene- 
rally continued  until  the  slabs  of  ice  extend  to  within  a  quarter  of  an 
inch  of  the  blades  of  the  agitators,  when  the  cold  brine  is  shut  ofiF  and 
turned  on  to  another  tank  from  which  the  ice  has  been  just  removed. 

The  agitators  are  lifted  out,  and  the  slabs  of  ice,  which  when  melted 
off  the  walls  or  plates  are  generally  14  ft.  in  length,  3  ft.  in  depth, 
and  from  6  to  10  in.  in  thickness,  are  sawn  into  convenient  lengths,  and 
raised  from  the  surplus  water  in  the  ice-making  tank,  in  which  they 
remained  floating,  by  means  of  an  overhead  traveller,  by  which  they 
are  deposited,  either  directly  into  a  cart  for  removal,  or  upon  a  plat- 
form from  wluch  they  are  dragged  or  otherwise  delivered  into  the  ice 
store.  When  the  slabs  are  detached  from  the  walls  or  plates,  the  hot 
brine  is  shut  off  and  completely  drained  out  of  the  latter,  the  water 
again  filled  up  to  the  usual  level,  the  agitators  are  replaced,  and  the 
circulation  of  cold  brine  is  again  turned  on. 

The  water  must  be  entirely  run  out  of  the  tank  about  once  every 
week,  and  the  sediment  and  dirt  at  the  bottom  thoroughly  cleared  out. 

The  most  recent  method  adopted  by  the  Pulsometer  Engineering 
Company,  Limited,  is  an  arrangement  for  the  production  of  ice 
on  the  direct  expansion  system.  In  this  the  freezing  coils 
are  covered  by  two  plates  immersed  in  the  water  to  be 
frozen,  the  liquid  ammcHiia  is  allowed  to  expand  in  the 
freezing  coils,  and  the  ice  is  formed  on  the  surfaces  of  the  plates. 
The  releasing  or  thawing-off  of  the  ice  is  effected  by  allowing  the 
hot  gas  from  the  condenser  to  flow  into  the  coils.  The  ice  produced 
by  this  system  is  generally  8  in.  thick  and  8  ft.  by  6  ft,  but  can 
easily  be  made  up  to  blocks  1 7  ins.  by  8  ft.  by  6  ft. 

The  quality  of  the  ice  produced  by  this  latter  method  is  said  by 
the  makers  to  more  nearly  resemble  the  finest  quality  of  Norway  ice 
than  anything  else  yet  produced,  and  owing  to  there  only  being  one 
transfer  of  heat  the  economy  is  increased. 

The  system  of  pipes,  valves,  and  receivers  are  made  of  wrought-iron 
or  wrought-steel,  no  cast-iron  or  cast-steel  being  employed  on  account 
of  the  danger  involved  by  the  use  of  these  materials.  The  pipe  joints 
are  of  an  improved  type,  being  remarkably  simple  and  perfectly  gas- 
tight.     With  the  object  of  getting  over  the  trouble  caused  by  coil 
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condensers  and  refrigerators  becoming  blocked  with  oil,  an  arrange- 
ment is  provided  whereby  the  oil  can  easily  and  certainly  be  withdrawn 
from  the  machine,  thus  keeping  the  coils  clean. 

The  ice  generally  made  by  this  class  of  apparatus  is  of  very 
superior  quality,  being  of  great  purity,  and  of  a  most  attractive,  bril- 
liant, clear  appearance,  and  it  is  in  great  demand  for  use  in  restaurants, 
clubs,  etc.,  fetching  a  higher  price  than  other  makes. 

There  are,  however,  certain  drawbacks  to  its  use,  the  principal  one 
of  which  is,  that  the  ice  cannot  be  obtained  in  blocks  of  uniform  size 
and  weight  without  an  expenditure  of  considerable  labour  in  cutting 
them  into  shape.  In  case  of  any  necessity  for  repairs  arising,  more- 
over, the  whole  of  one  of  the  ice-making  tanks  or  boxes  has  to  be  shut 
oflF,  and  is  thrown  out  of  use. 

The  plate  or  wall  system,  besides,  is  necessarily  very  slow,  from  the 
fact  of  the  freezing  process  going  on  on  one  side  only,  instead  of  from 
four  opposite  sides  conjointly,  as  in  the  can  system,  wherein  the  four 
surfaces  growing  gradually  together  in  the  centre  finally  unite  into  a 
solid  block  of  ice  the  width  of  the  can.  If,  therefore,  a  slab  or  block 
of  ice  of  an  equal  thickness  is  to  be  formed  on  a  plate  or  wall  con- 
gealing only  from  one  side,  the  time  occupied  in  freezing  it  will  be 
quadrupled. 

The  advantages  over  the  can  system  may  be  enumerated  as  fol- 
lows : — The  ice  made  is,  as  above  mentioned,  of  a  very  superior 
quality.  The  liability  of  any  of  the  agitator  blades  becoming  frozen 
in,  and  broken  off,  is  very  slight.  Only  the  ice  itself  having  to  be 
handled  the  weight  to  be  manipulated  is  considwably  reduced.  The 
ice-making  tanks  can  be  shut  off  when  the  ice  is  finished,  and  left  until 
it  is  convenient  to  remove  the  ice,  thus  admitting  of  night  shifts  of 
labourers  being  dispensed  with.  Owing  to  there  being  no  parts,  like 
the  movable  cans  or  moulds,  liable  to  rapid  deterioration,  less  expendi- 
ture on  repairs  is  required.  No  possibility  exists  of  the  brine  solution 
being  weakened  by  the  accidental  spilling  of  water  into  it,  as  in  the 
former  system. 

The  Stationary  Cell  System. 

Transparent  ice  is  also  formed  in  deep  cells  provided  with  agitators. 
In  the  latter  case  a  number  of  cellular  or  hollow  walls  of  wrought  or 
cast-iron  are  fixed  in  a  suitably  insulated  tank  or  cistern,  the  water  to 
be  frozen  being  placed  between  these  walls,  and  the  refrigerated 
brine  circulated  through  the  hollow  walls  of  the  cells  therein.    The  ice 
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gradually  forms  on  the  outside,  and  increases  in  thickness  until  the  two 
opposite  layers  meet  and  join,  but  the  freezing  may  be  stopped  at  any 
time  and  the  ice  removed:  this  latter  operation  can  be  very  con- 
veniently effected  by  passing  brine  at  a  higher  temperature  through 
the  cells. 

The  stationary  cell  system,  when  employed  to  make  clear  or  trans- 
parent ice  without  agitation,  or  using  water  that  has  beea  deprived  of 
its  air,  consists  of  a  number  of  shallow  pan-shaped  cells  having  hollow 
walls,  through  which  a  circulation  of  cold  brine  is  kept  up.  The  ice 
is  removed  therefrom  as  in  the  plate  or  wall  system. 

The  plan  wherein  stationary  cells  are  employed  ccMisists  in  the 
provision  of  fixed  or  stationary  shallow  pans,  or  moulds,  having  hollow 
walls,  the  intervening  spaces  being  open  at  the  top.  These  cells  or 
moulds  are  filled  with  water,  and  a  circulation  of  cold  brine  is  passed 
through  the  hollow  walls,  and  the  water  frozen,  after  which  the 
cold  brine  is  stopped  off  and  completely  drained  out  of  the  hollow 
walls,  and  warm  brine  is  caused  to  circulate  therethrough,  melting  or 
thawing  off  and  loosening  the  blocks,  which  can  then  be  easily  re- 
moved from  the  cells  or  moulds,  which  are  then  refilled  and  the 
operation  repeated.  In  this  system  an  entire  tank  has  to  be  emptied  at 
once,  as  in  the  plate  or  wall  system;  therefore,  in  order  to  make  the 
operation  continuous,  at  least  two  tanks  must  be  provided. 

If  the  cells  are  constructed  deep  in  proportion  to  their  width,  that  is 
to  say,  substantially  similar  in  form  to  the  moulds  or  cases  used  in  the 
can  system,  then  the  freezing  or  congealing  of  the  water  will  be  as 
rapid  as  in  the  latter,  but  agitation,  de-aerated  water,  or  other  means, 
will  have  to  be  used  if  crystal  ice  is  required.  If,  however,  they  are 
made  shallow,  and  pan-shaped,  then  the  freezing  being  almost  entirely 
done  from  the  bottom  will  be  extremely  slow,  as  it  is  in  the  plate  op  wall 
system,  where  the  formation  of  ice  is  also  effected  upon  one  side  only. 

The  advantage  of  forming  the  cells  shallow  is  that  clear  trans- 
parent crystal  ice  can  be  made  in  them  without  agitation,  or  using 
water  for  freezing  that  has  been  de-serated  or  deprived  of -its  air.  The 
slowness  of  freezing  is,  however,  on  the  other  hand,  a  great  drawback, 
and  is  the  chief  objection  to  the  use  of  the  shallow  stationary  cell 
system,  as  the  congelation  of  a  block  of  ice  on  this  plan,  of  equal 
thickness  to  one  formed  in  a  deep  can  or  mould,  or  in  a  deep  stationary 
cell,  takes  about  four  times  as  long,  it  is  evident  that  the  apparatus  re- 
quisite for  an  equal  output  must  become  cumbersome  and  expensive. 

Fig.  302  is  a  perspective  view  showing  a  Pontifex-Wood  patent  cell 
ice-making  tank  or  box,  the  main  novel  feature  in  which  is  the  arrange- 
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ment  of  the  agitators  externally  to  the  spaces  where  the  blocks  or  slabs 
of  ice  are  formed.  The  apparatus  consists  in  a  tank  a,  with  &  gal- 
vanised wrought-iron  hollow  or  double-bottom,  two  galvanised  cast- 
iron  hollow  cross  walls  or  partitions  i,  and  a  number  of  short  galvanised 
cast-iron  longitudinal  hollow  walls  J,  fixed  at  right  angles  to  the  cross  - 
walls,  and  so  that  there  is  a  space  or  clearance  left  between 
their  adjacent  ends  in  the  middle  of  the  tank,  and  between  the  other 
-  ends,  and  the  extremities  of  the  tank,  in  which  open  spaces  are  placed 
the  agitators  c.  The  movements  of  the  latter  give  an  impulse  to  the 
water,  causing  it  to  rush  in  waves  between  the  longitudinal  walls,  and 
wash  out  all  the  impurities  thrown  off  or  voided  by  the  water  during  the 
freezing  i^ocess,  which  impurities  settle  at  the  bottom  of  the  open 


Fig.  302.— Pontifex-Wood  Cell  Ice-makine  Tank  or  Box. 

Spaces.  In  this  arrangement  the  two  layers  of  ice  gradually  growing 
in  thickness  between  each  two  longitudinal  walls,  at  last  meet  and 
freeze  together,  so  as  to  form  a  solid  block  or  slab  of  ice  (rf  a  given 
size  and  weight. 

To  remove  the  blocks  of  ice  they  are  first  loosened  or  melted  off 
in  a  similar  manner  to  that  employed  in  the  ordinary  plate  or  wall 
system,  after  which  they  are  gently  started  away  from  the  cross  walls 
to  enable  the  ice-grips  to  grasp  each  end,  or  have  loops  frozen  in,  and 
are  then  lifted  out  by  an  overhead  traveller  irv  the  usual  way. 

The  only  ones  of  the  hereinbefore-mentioned  objections  to  which 
this  arrangement  seems  open  are,  that,  when  an  ice-making  tank  or  box 
is  in  need  of  any  repairs  it  has  to  he  completely  shut  off,  and  the  capa- 
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citv  of  the  apparatus  is  thus  reduced  for  the  time  being  i  and,  owing 
to  the  space  occupied  by  the  agitators  being  lost  for  ice^malcing  pur- 
posrs,  the  size  of  the  apparatus  required  for  a  given  output  has  natu- 
rally to  be  somewhat  increased. 

The  advantages  claimeti  by  the  inventors  are  as  follows :— The 
blocks  of  ice  are  produced  of  an  uniform  si!«  and  weight,  and  are  con- 
venient to  manipulate,  load,  and  pack.  The  ice  is  of  superior  purity 
and  appearance,  and  the  slabs  are  of  great  thickness  and  durability. 
There  is  no  liability  to  breakage  of  any  of  the  blades  of  the  agitators. 
There  are  no  cans  or  moulds  to  handle  or  repair.  The  walls  are  fixed, 
and  the  general  arrangement  is  of  very  great  strength  and  practically 
indestniccibie.     Only  the  actual  ice  itself  has  to  be  bandied,  therefore 


Fig.  303.— HiU's  Melhod  of  Making  Clear  or  Crystal  Ice.     Plan  of  Boi  or  Tank. 

less  weight  has  to  be  moved  in  comparison  with  the  can  system.  No 
cutting  up  and  consequent  waste,  or  weighing  of  the  ice  is  required,  as 
in  the  wail  or  plate  system.  When  an  ice  tank  or  box  is  finished,  it 
can  be  shut  off  by  simply  turning  the  cocks,  and  Ht  till  it  is  con- 
venient to  remove  the  ice.  Thus  all  the  tanks  or  boxes  can  be  set  so 
as  to  be  completed  during  the  day,  and  no  night  shift  of  labourers  is 
required.  And,  finally,  the  water  cannot  spill  into  the  brine  and 
weaken  it,  as  it  does  in  the  can  system,  unless  considerable  care  be 
exercised. 

The  sires  of  the  blocks  of  ice  made  in  these  boxes  run  from  3  ft. 
6  in.  by  3  ft.  6  in.  by  9  in.  in  thickness  up  to  3  ft.  6  in.  by  3  ft.  6  in. 
by  I  ft.  9  in.  in  thickness,  and  the  weight  likewise  varies  in  a  corre- 
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spending  ratio  from  about  4^  cwts.  up  to  10^  cwts.  each.  Very 
thick  blocks  are  not,  however,  found  to  be  commercially  successful, 
inasmuch  as  they  take  too  long  a  time  to  freeze  or  congeal. 

Where  clear  ice  is  required  in  blocks  of,  say,  5  cwts.,  the  PulscHneter 
Engineering  Company,  Limited,  use  a  special  form  of  tank,  composed 
of  hollow  cdls  forming  squares  the  size  of  the  blocks  required,  the 
water  in  which  is  agitated  during  freezing;  the  result  is  a  block  of  ice 
almost  perfectly  clear,  and  weighing  about  5  cwts. 

As  in  the  ordinary  wall  or  plate  system  every  plant  working  with 
the  above  described  ice-making  tanks  or  boxes,  in  order  to  render  the 
process  continuous,  must  have  a  set  comprising  two  or  more  of  the 


Fig.  304.— Hiirs  Method  of  Making  Clear  or  Crystal  Ice. 

line  X  X,  Fig.  303. 


Transverse  Section  on 


latter.  Thus  a  4-ton  plant  has  two  boxes,  a  6-ton  three  boxes,  a  9-ton 
three  boxes,  a  15-ton  either  three  or  four  boxes,  and  a  24-ton  either 
six  or  eight  boxes. 


Miscellaneous  Arrangements  for  Making  Clear  or  Crystal 

Ice  by  Agitation. 

Hill's  method  of  making  clear  or  crystal  ice  (British  Patent  No. 
16253  ^  1889)  is  shown  in  Figs.  303  and  304,  which  represent  respec- 
tively a  plan  of  the  ice^making  tank  or  box  partly  in  horizcmtal  hecldon 
and  with  the  lid  or  cover  removed,  and  a  vertical  section  on  the  line 
X  X  oi  the  previous  figure.  The  apparatus  comprises  a  vessel  or  tank 
p,  which  is  provided  with  a  lid  or  cover  (Fig.  304),  and  with  a  jacket  or 
casing  q,  the  intervening  space  between  the  said  jacket  or  casing  and 
the  tank  p  bdng  filled  with  any  suitable  non-conducting  material  as  at 
q'.  When  clear  ice  is  to  be  made,  the  liquid  to  be  frozen  is  con- 
tinuously circulated  in  the  vessel  or  tank  p  by  means  of  a  rotating 
screw  R,  or  other  suitable  device.  Into  the  vessel  or  tank  p  project 
freezing  vessels  or  chambers  s,  so  that  the  water  in  the  vessel  or  tank 
p  will  be  frozen  on  the  exterior  of  the  chambers  'S^  and  the  hollow 
blocks  of  ice  thus  formed  can  be  very  readily  removed  therefrom.     For 
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this  latter  purpose  the  chambers  s  are  made  slightly  conical  or  taper 
from  their  outer  to  their  inner  ends,  and  rings  s^  are  fitted  loosely 
thereon  to  further  facilitate  the  lemoval  of  the  hollow  blocks  of  ice. 
Either  the  direct  expansion  or  brine  circulation  may  be  used  for  freez- 
ing purposes.  In  the  first  case  the  liquid  ammonia  is  forced  into  the 
chambers  s  through  a  pipe  s^  and  is  then  allowed  to  expand  and  return 
to  the  absorber  of  an  absorption  machine,  the  weak  liquor,  which  can- 
not be  vaporised  without  the  application  of  heat,  being  allowed  to 
return  to  the  anunonia  boiler  through  a  pipe  s'.  In  the  second  case 
brine  reduced  to  a  very  low  temperature  by  any  suitable  process  is 
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Fig.  305. — Modified  arrangement  of  Hill's  Method  of  Making  Clear  or  Crystal  Ice. 

Horizontal  Section. 


caused  to  circulate  through  the  chambers  s,  for  the  further  purpose  of 
freezing  the  water  on  the  exterior  thereof. 

To  ensure  the  proper  circulation  of  the  water  to  be  frozen  in  the 
vessel  or  tank  p,  partitions  t  are  provided  in  the  latter,  which  are  so 
arranged  that  they  can  be  readily  removed  to  permit  the  withdrawal  of 
the  hollow  blocks  of  ice  from  the  chambers  s. 

In  another  arrangement,  shown  in  horizontal  section  in  Fig.  305, 
and  in  vertical  transverse  section  on  the  line  xf  x  of  the  latter  in  Fig. 
306,  a  series  of  the  freezing  chambers  s  at  each  side  of  the  tank  p  are 
provided,  leaving  a  space  between  them  of  slightly  greater  length  than 
the  blocks  of  ice  to  be  produced,  so  that  the  blocks  from  one  series 
of  chambers  can  be  first  removed  and  then  those  from  the  other  series, 
and  space  in  the  ice  box  or  tank  is  thus  economised.     Several  rows  or 
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series  of  the  freezing  chambers  s  placed  one  above  another  in  the  freez- 
ing or  ice  vessel  or  tank  may  be  employed,  as  shown  in  Fig.  306. 

In  Figs.  307  to  313  are  shown 
a  few  amongst  the  many  other 
arrangements  for  the  manufacture 
of  clear  or  crystal  ice  by  agitation 
which  have  been  devised. 

An  arrangement  for  ensuring 
the  production  of  clear  or  crystal 
ice  by  the  imparting  of  an  oscillat- 
ing movement  to  the  tank  or  box 
A,  in  which  the  ice  moulds  or  cans 
are  suspended  is  shown  iu  Fig   „Slf killo^fSg  "ST^L 

307,  which  depicts  an  end  view  of  ice.     Transverse  Section  on  line  x  x', 

the  apparatus.  The  tank  is  sus- 
pended, as  will  be  seen  from  the  illustration,  upon  trunnions  k,  sup- 
ported in  bearings  in  standards  k\  and  an  oscillating  or  rocking 
motion  is  imparted  to  it  by  means  of  an  eccentric  l,  upon  a  rotating 
shaft  M.  The  cold  brine  or  other  freezing  medium  is  admitted  through 
the  trunnions  k,  which  are  formed  hollow  for  that  purpose,  to  the 
bottom  of  the  tank  a. 

The  finished  ice  can  be  removed  by  the  substitution  of  warm  for 
the  cold  brine  to  thaw  off  the  blocks,  and  by  inclining  the  tank  suffi- 
ciently to  admit  of  their  sHding  out. 

In  another  type  of  apparatus  of  this  class,  each  of  the  cans  or 

moulds  is  supported  in  the  freezing  tank  on 
central  pins  or  trunnions  resting  in  fixed 
bearings.  An  oscillating  movement  is  im- 
parted to  each  can  by  forks  on  a  rocking 
shaft  engaging  other  pins  placed  near  its 
upper  end. 

Numerous  arrangements  for  agitation 
by  means  of  a  piston  or  pump  of  some  de- 
scription have  been  designed,  some  few  of 
which  are  shown  in  Figs.  308  to  313,  by  way 
of  examples. 

The  first  of  these,  or  that  shown  in 
Fig-  308*  consists  of  a  partially-submerged 
plunger  pump  n,  the  ports  of  which  are  inclined  as  shown 
in  the  drawing,  so  as  to  set  up  currents  in  the  necessary 
directions,  shields  or  guards,  o,  being  fixed  above  the  water  level  to 
prevent  the  latter  from  splashing  out  of  the  can  or  mould,  b. 


Fig.  307. —  Oscillating  Ice- 
making  Tank  or  Box. 
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In  the  illustraUon  the  pump  n  is  shown  arranged  vertically,  but 
it  can  also  be  fixed  to  work  horizontally. 

The  second  arrangement  of  pump  agitator  illustrated  in  Fig.  309 
has  the  refrigerating  tanks  placed  in  series  in  such  a  manner  that  the 
brine  can  pass  from  one  to  the  other  through  the  passages  provided 
for  that  purpose.  The  pump  n  is  shown  at  the  right-hand  side  of  the 
figure,  and  consists  of  a  barrel  and  plunger  or  piston  worked  oflF  a 
crank.     The  water  is  forced  by  this  pump  at  each  downward  stroke  of 

the  plunger,  along  a  channel  or  passage 
beneath  the  moulds  or  cans  b,  and  passes 
up  the  latter  through  holes  or  apertures  b, 
provided  in  tlieir  bottoms. 

On  the  completion  of  the  congdation 
of  the  water  in  the  moulds^  the  cold  brine 
is  drawn  off  from  the  tank,  and  warm 
water  or  air  is  introduced  through  suitable 
pipes,  so  as  to  thaw  off  the  blocks  of  ice, 
and  admit  of  their  withdrawal.  The 
moulds  or  cans  are  connected  together  by 
tie-bars,  and  a  number  of  them  are 
arranged  in  one  frame. 

In     another     arrangement     shown     in 
Fig.  310,  in  which  the  water  in  removable 
moulds  or  cans  is  agitated  by  the  action 
of  pumps,  the  moulds  b,  which  are  of  thin 
sheet  metal,  and  arranged  transversely  in 
a  brine  tank  a,  are  each  divided  by  a  non- 
conducting   partition    into    two    compart- 
ments    communicating     through     suitable 
openings.     The  larger  of  these  compart- 
ments is  that  in  which  the  water  is  frozen, 
the  smaller  one  forms  a  pump  barrel  n, 
and  in  it  a  piston  or  plunger  n^  is  recipro- 
cated.    The  plunger  rods  are  coupled  to  a  bar  arranged  longitudinally, 
its  ends  working  between  suitable  guides,  and  an  up  and  down  motion 
is  imparted  to  it  from  a  rocking  shaft  q. 

Figs.  311,  312,  and  313  illustrate  types  of  pump  or  piston  agitators, 
in  which  the  water  in  the  tanks  themselves  is  intended  to  be  frozen,  no 
separate  ice  cans  or  moulds  being  employed.  In  the  first  arrangement 
(Fig.  311)  the  tank  a,  containing  the  water  to  be  frozen,  is  fitted  with  a 
second  bottom  as  broad  as  the  tank,  but  with  a  clearance,  as  shown 


Fig.  308. —  Arrangement 
for  Agitation  of  Water  in  Ice 
Cans  by  means  of  partially 
submerged  Double  -  ported 
Plunger  Pump.  Sectional 
Elevation. 
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in  the  illustration,  which  represents  a.  longitudinal  vertical  .section 
through  it  at  each  end.  In  the  clearance  between  the  two  bottoms  of 
the  tank  is  mounted  an  agitator  r,  as  broad  as  the  tank  a,  and  to 
which  reciprocating  motion  is  imparted  by  connecting-rods  from  cranks 


on  a  rocking  shaft  Q.  The  freezing  is  effected  by  narrow  longitudinal 
brine  cells  j'  suspended  from  the  edges  of  the  tank  at  their  upper 
ends,  and  resting  on  the  second  or  false  bottom  at  their  lower  ends. 
These  brine  cells  are  alternately  connected  at  the  ends  through  unions, 


F^g.  3'0- — ATTungement  for 
Agitation  of  Water  in  Remov- 
alue  Ice  Cans  or  Moulds  by 
means  of  PtunEfif  Pumps.  Trans- 
verse Section. 


Fig.  3  [  I .— Arraogeraent  for  Agitation  of 
Water  to  be  frozen  in  Ice-making  Tank  or 
Box  by  long  Horizontal  A^tator.  Trans- 
verse Section. 


or  tubes,  in  such  a  manner  as  to  admit  of  the  brine  being  passed 
through  the  whole  series,  a  four-way  cock  supplying  or  withdrawing  it 
in  either  direction  to  other  tanks  or  to  the  refrigerator. 

Steam  can  be  passed  through  the  cells  to  admit  of  their  removal 
after  freezing  is  completed. 
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In  the  anangements  shown  in  Figs.  312  and  313,  pump  chambers 
N,  and  plungers  or  pistons  n*,  are  employed,  that  in  the  first  being 
arranged  vertically  at  the  side,  and  that  in  the  second  horizontally 
beneath  the  tank  a.  The  plunger,  or  piston-rod,  is  so  mounted  as  to 
have  a  certain  movement  in  the  plunger  or  piston,  so  that,  on  the 
up  or  backward  stroke  of  the  latter,  it  will  operate  to  open  a  valve  and 
admit  of  the  water  passing  through,  whilst,  on  the  downward  or  forward 
stroke,  it  will,  on  the  contrary,  close  the  valve  so  that  the  water  will  be 
driven  through  the  openings.  In  this  arrangement  it  will  be  seen  that 
the  water  is  only  driven  in  a  downward  or  one  direction,  but  it  can  be 
also  so  arranged  as  to  drive  it  in  an  upward  or  in  both  directions.     The 


Fig.  312. —  Arrange- 
ment for  Agitation  of 
Water  to  be  frozen  in 
Ice-making  Tank  or  Box 
by  means  of  Vertical 
Plunger  Pump.  Trans- 
verse Section. 


Fig.  313. — Arrangement  for 
Agitation  of  Water  to  be  frozen 
in  Ice -making  Tank  or  Box  by 
means  of  Horizontal  Plunger 
Pump.    Transverse  Section. 


piston  or  plunger-rods  in  both  arrangements  are  operated  by  bell  crank 
levers  s.  Several  of  the  above  cuts  are  reproduced  from  articles  by 
the  author  which  appeared  in  "  Modem  Maclunery,"  of  Chicago. 

Mr.  T.  B.  Lightfoot  designed  and  patented  in  1885  a  combined  re- 
frigerating and  ice  tank,  in  which  the  cans  or  moulds  are  arranged  be- 
tween coils  or  pipes,  through  which  a  vaporised  freezing  medium  is 
caused  to  circulate,  the  moulds  or  cans,  and  pipes,  being  surrounded 
by  brine  or  other  uncongealable  fluid,  not  mechanically  circulated. 


The  Holden  System  of  Ice-Making. 

A  system  of  ice^making  which  is  said  to  be  coming  into  considerable 
use  in  the  United  States,  is  that  invented  by  Mr.  D.  L.  Holden  (who 
may  be  said  to  be  the  pioneer  of  the  ice-making  industry  in  that  coun- 
try), which  he  terms  the  "  regealed  ice  machine."  The  method  of  pro- 
cedure is  substantially  as  follows : — The  cold  is  obtained  by  the  ex- 
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pansion  of  the  liquid  ammonia.  Centrally,  in  a  water  tank  or  reser- 
voir, is  located  a  horizontal  metal  cylinder,  the  extremities  of  which 
form  hollow  gudgeons  extending  to  the  outside  of  this  tank,  and  are 
provided  with  suitable  means  through  which  rotary  motion  can  be  im- 
parted to  the  cylinder.  The  liquid  ammonia  anhydride  is  delivered 
into  the  above-mentioned  cylinder  at  one  of  its  ends,  and  forms  a  thin 
layer  upon  the  inner  wall  of  the  revolving  cylinder,  in  which  it  expands, 
vaporises,  and  is  carried  off  from  the  other  end.  Upon  the  exterior  of 
the  cylinder  a  thin  coating  of  ice  is  formed,  which  is  constantly 
removed  by  a  set  of  scrapers ;  and  this  ice,  floating  in  the  water,  is  con- 
ducted by  a  worm  or  other  conveyor  to  two  cylinders,  in  which  a  piston 
operates,  to  subject  it  to  a  pressure  of  50  lbs.  per  square  inch  for  the 
purpose  of  expelling  all  excess  of  water  and  air  bubbles. 

An  installation  on  this  system  requires  a  far  simpler  apparatus  than 
that  which  has  to  be  provided  for  carrying  out  the  process  of  ice- 
making  by  means  of  any  of  the  systems  usually  employed ;  and  it  has, 
moreover,  according  to  the  inventor,  the  further  advantage  of  enabling 
work  to  be  started  with  comparatively  little  delay  as  compared  with 
that  entailed  by  other  plants,  which  in  some  cases  require  one  or  more 
days'  preparation.  As  the  thin  layer  or  coating  of  ice  is  constantly  and 
rapidly  formed  on  the  external  surface  of  the  internally  cooled  metal 
cylinder,  the  process  is  more  expeditious  than  is  the  case  when  the 
freezing  or  congelation  of  the  water  takes  place  in  a  mould  or  can, 
where  the  formation  (rf  ice  at  the  sides  considerably  retards  the  process 
and  renders  it  very  slow. 

Water  De-aerating  or  Distilling  Apparatus. 

The  last  of  the  plans  mentioned  for  making  clear  or  transparent  ice, 
or  that  wherein  the  water  to  be  frozen  is  first  de-aerated  or  deprived  of 
its  air,  is  usually  carried  out  in  an  apparatus  working  on  the  can 
system,  but  the  water  so  treated  may  be  used  in  the  cell  or  any  other 
system  with  equally  favourable  results. 

The  process  of  de-aerating  the  water  is  one  of  the  utmost  simplicity, 
and  the  product  is  found  to  answer  admirably,  the  ice  produced  being 
of  prime  quality. 

The  methods  used  for  extracting  the  air  from  the  water  are  wther 
by  subjecting  it  to  a  long-continued  boiling ;  by  exposing  it  to  a  high 
vacuum;  or  by  distilling  it  under  exclusion  of  the  atmosphere. 

In  order,  however,  to  economise  fuel,  it  is  a  not  unusual  practice 
to  utilise  the  exhaust  steam  from  the  engine  for  the  purpose  of  ice- 
making,  as  has  been  already  mentioned ;  and  as  this  exhaust  steam  con- 
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tains  an  adimxture  of  more  or  less  of  the  lubricating  oil  from  the  engine 
cylinder,  it  must  be  deprived  of  this  before  being  thus  used.  This 
is  veiy  easily  accomjdished  by  passing  the  exhaust  steam  through 
steam-filters  of  very  simple  construction,  and  after  the  steam  has  been 
thus  filtered  it  is  condensed,  and  the  resultant  water  is  again  thoroughly 


filtered  so  as  to,  as  completely  as  possible,  deodorise  it.  The  tan  ice 
produced  fromthis  de-aerated  or  air-freed  water  still  contains  a  very 
thin  stratum  or  core  of  porous  ice  in  the  centre,  but  it  is  insignificant, 
and  not  sufiicient  to  injure  the  appearance  of  the  blocks  to  any  appre- 
ciable extent 

The  Klmn  oil  s^arator  or  collector  consists  of  a  numbef  of  dished 
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perforated  plates  set  zig-zag  fashion  in  a  cylindrical  or  a  rectangular 
casing.  The  Triumph  Ice  Machine  Co.'s  oil  separator  and  condenser 
water  cooler  is  shown  in  plan  and  vertical  section  in  Figs.  314  and  315. 
The  distilled  water  runs  round  one  channel,  formed  with  rorrugaieil 
walls,  whilst  the  cool  water  passes  in  the  opposite  direction.     This 
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corrugated  conatniction  gives  a  very  large  amount  of  cooling  surface, 
whilst  occupying  a  c(Mnparative]y  small  casing. 

Fig.  316  is  a  diagram matical  view  showing  an  apparatus  employed 


\  P-'l^'L^^ 


by  the  Friclc  Company  for  making  distilled  water  from  the  exhaust 
steam  from  the  driving  engine. 

Another  method  of  utilising  the  exhaust  or  wa^te  steam  for  de- 


xa^  Operation  of  Triple- Effect  Evaporating 


aerating  or  producing  water  freed  of  its  air,  is  by  employinf;  it  for  the 
evaporation  or  distillation  of  other  water  in  a  suitable  still  or  apparatus, 
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as,  for  example,  a  triple  effect  distilling  apparatus,  or  in  a  single  effect, 
or,  for  very  large  plants,  a  multiple  effect,  evaporator  of  the  Yaiyan 
type. 

The  operation  of  the  ordinary  type  of  triple  effect  is  shown  in 
the  diagram  Fig.  317. 

The  triple  effect,  which  is  a  modification  of  a  vacuum  pan,  or 
rather  a  modified  arrangement  of  vacuum  pans,  is  the  invention  of 
Mr.  Rilleux,  a  French  gentleman,  and  was  primarily  intended  for  use 
in  factories  making  beetroot  sugar.  Double  effect  apparatus  of  this 
type  is  also  constructed,  and  in  some  instances  the  number  of  effects  is 
increased  to  four,  which  is  the  usual  limit  in  this  system. 

In  the  diagram,  a,  a*,  a*  indicate  the  three  pans  or  vessels  forming 
the  effects,  in  the  upper  parts  of  which  are  spaces  to  receive  the 
steam  or  vapour  evaporated,  and  the  lower  part  of  each  pan  or 
vessel  being  fitted  with  two  tube  plates  or  diaphragms,  which  are  set 
with  suitable  tubes  c  to  allow  the  water  to  be  evaporated,  to  obtain 
access,  and  to  circulate  below  the  lower  tube  plate,  and  above  the 
upper  tube  plate;  and  the  space  between  these  tube  plates  and  round 
the  exterior  of  the  tubes  constitutes  the  calandria  or  heating  chamber  b. 

The  upper  portion  of  the  pan  or  vessel  a  is  connected  with  the 
heating  space  or  calandria  of  the  pan  or  vessel  a\  and  the  upper 
portion  of  the  latter  is  connected  with  the  heating  space  or  calandria  of 
the  pan  or  vessel  a'  by  means  of  pipes  e  fitted  with  safes  or  traps  e^ 
and  the  upper  portion  of  the  pan  or  vessel  a*  is  connected  through  the 
pipe  E  with  a  condenser. 

The  lower  or  water  spaces  of  the  pans  or  effects  are  connected 
together  by  pipes  f. 

The  calandria  of  the  pan  or  vessel  a  is  heated  by  either  waste 
steam  or  of  live  steam  delivered  through  the  pipe  g,  whilst  the  steam  or 
vapour  evaporated  from  the  water  in  the  pan  or  vessel  a  is  employed  to 
heat  the  calandria  of  the  pan  or  vessel  aS  and  that  from  the  latter  the 
calandria  of  the  pan  or  vessel  a',  the  steam  or  vapour  evaporated  from 
the  water  in  the  latter  passing  to  the  condenser  through  the  pipe  E. 

It  will  thus  be  seen  that  the  second  effect  or  pan  forms  a  con- 
denser to  the  first,  and  the  third  a  condenser  to  the  second,  the 
third  being  in  connection  with  a  surface  condenser,  which  may  be 
employed  to  heat  the  feed-water,  and  thus  form  a  heat  interchanges 

The  condensation  water  from  the  calandria  of  the  first  pan  or 
effect  A  is  delivered  by  the  steam-pressure  into  a  hot  well,  that  from 
the  calandrias  of  the  second  and  third  pans,  as  well  as  that  from  the 
surface  condenser,  connected  with  the  latter,  is  delivered  by  suitable 
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pumps  into  the  distilled  water-receiver,  h  is  a  pipe  for  charging 
the  apparatus  with  the  water  to  be  distilled  or  evaporated,  i  is  a  pipe 
connected  by  branches  to  a  well  in  the  bottom  of  each  pan.  L  is  a 
pipe  connecting  the  upper  part  of  the  heating  space  of  die  calandria 
B  of  the  second  pan  a^,  with  that  of  the  third  pan  a*,  g^  is  a  pipe  by 
which  the  water  resulting  from  condensation  in  the  calandria  b  of  the 
first  pan  a  is  discharged  into  a  hot  well ;  and  l^  are  pipes  by  which 
the  condensation  water  from  the  calandrias  b  of  the  pans  a'  and  a'  is 
delivered  to  the  distilled  water  receiver,  l*  is  a  pipe  for  removing  the 
excess  of  vapour  from  the  calandria  b  of  the  third  pan  a'. 

The  vacuums  maintained  in  the  three  vessels  or  effects  a,  a*,  a', 
will  be  respectively  about  4  inches,  14  inches,  and  24  inches,  and  the 
temperatures,  taking  the  vessels  or  effects  in  the  like  order,  will  be 
about  200°,  180°,  and  130°  Fahrenheit 

It  will  be  seen  that- the  economy  of  the  triple  effect  apparatus  is 
due  to  the  fact  of  its  being  largely  self -heating,  as  the  calandria  of  the 
first  vessel  or  effect  is  the  only  one  heated  by  extraneous  means,  the 
calandria  of  the  second  effect  being  heated  by  the  latent  heat  of  the 
steam  or  vapour  from  the  boiling  water,  in  the  first  effect,  and  the 
third  effect  being  heated  from  that  of  the  second  effect.  Thus,  neglect- 
ing the  loss  of  heat  due  to  radiation,  a  double  effect  is  twice,  and  a 
tripe  effect  is  three  times  as  economical  in  steam  consumption  for 
heating  purposes  as  a  single  effect 

The  Haslam  distilling  apparatus  is  constructed  upon  the  triple- 
effect  principle,  and  comprises  a  first  boiling  pan,  a  second  boiling  pan, 
a  condenser,  a  feed-water  heater,  and  a  distilled-water  receiving  lank  or 
vesseL  When  no  exhaust  or  waste  steam  is  available  the  plant  also 
includes  a  suitable  steam-boiler. 

Fig.  318  is  a  perspective  view,  partly  in  section,  illustrating  a  com- 
plete single  effect  distilling  apparatus  of  the  Yaryan  type,  which  are 
made  in  various  sizes,  adapted  to  produce  from  3  tons  to  48  tons  of 
distilled  water  per  twenty-four  hours.  The  apparatus  consists  essen- 
tially of  a  cylindrical  evaporator,  having  a  horizontal  body  or  shell  of 
wrought-iron,  with  a  separator  similarly  constructed  at  one  end,  and 
a  number  of  straight,  solid-drawn  tubes  (according  to  the  capacity  of 
the  machine)  so  fixed  in  tube  plates  provided  at  both  ends  of  the  shell 
or  body  as  to  be  capable  of  being  readily  withdrawn  when  necessary 
for  cleaning  purposes.  These  tubes  are  connected  at  their  ends  by 
return  heads,  so  as  to  throw  them  into  sets  or  series,  thus  practically 
forming  coils  of  pipe  of  any  desired  length.  The  water  to  be  distilled 
is  passed  through  these  coils  or  sets  of  pipes,  the  exhaust  steam 
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being  admitted  to  the  space  round  them,  and  the  steam  or  vapour  from 
the  evaporating  coils  passes  through  the  separating  chamber,  which  is 


fitted  with  baiile  or  check  plates,  one  of  which  is  shown  in  the  drawing, 
to  the  condenser,  which  latter  also  forms  an  interchanger  and  heats  the 
water  to  be  distilled. 
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The  distinctive  feature  of  this  system  is  film  evaporation,  that  is, 
the  blowing  of  the  whole  mass  of  the  liquid  to  be  evaporated  into  spray, 
and  its  rapid  motion  through  the  sets  or  series  of  tubes  during  the 
process.  This  latter  point  is  of  great  importance,  and  is  the  chief 
reason  of  the  great  efficiency  of  this  type  of  apparatus.  The  result  is 
due  to  the  fact  that  there  is  a  very  considerable  gain  in  absorption  of 
heat  by  the  liquid  under  treatment  as  its  velocity  increases,  owing  to 
the  fact  that  new  particles  of  the  liquid  are  being  constantly  brought 
into  contact  with  the  heated  surfaces,  and  naturally  the  more  rapid  its 
motion  over  the  latter  the  more  frequently  will  this  occur. 

When  in  operation  there  will  be  a  vacuum  of  from  12  in.  to  15  in. 
in  the  separator,  and  the  steam  pressure  in  the  evaporator  should  be 
about  1 5  lbs.  per  square  inch :  the  latter  may,  however,  be  increased  to 
about  40  lbs.  per  square  inch. 

The  feed  taken  from  the  circulating  discharge  is  usually  drawn 
into  the  tubes  by  reason  of  the  vacuum  in  the  separator;  if,  however, 
condensation  is  carried  out  at  atmospheric  pressure,  it  is  forced  in  owing 
to  the  head  of  water  due  to  the  height  of  the  circulating  dischsgrge,  or 
to  a  loaded  valve. 

The  advantages  of  a  triple  effect,  or  an  apparatus  of  this  type  for 
producing  pure  distilled  water  for  ice-making,  are  obvious,  inasmuch  as 
it  admits  of  its  being  obtained  free  from  the  slightest  trace  of  oil,  by 
the  use  of  exhaust  or  waste  steam  only,  and  that  without  any  necessity 
for  filtering.  The  dispensing  with  filtering  is  of  some  importance,  as 
each  time  the  distilled  water  is  passed  through  a  new  filter  it  takes  up 
a  considerable  quantity  of  air,  and  consequently  until  all  the  air  has 
become  expelled  from  the  filter  the  water  is  in  no  way  superior  to  ordi- 
nary undistilled  water,  and  the  ice  made  from  it  is  opaque  and  porous. 
The  condensed  exhaust  steam,  after  having  performed  its  duty  in 
the  evajwrator,  may  be  either  run  into  a  hot-well  to  be  used  for  boiler 
feeding  purposes,  or  it  may  be  run  to  waste. 

Fig.  319  illlustrates  one  of  the  Mirrlees,  Watson,  and  Yaryan  Com- 
pany's larger  forms  of  distilling  apparatus,  which  is  suitable  for  instal- 
lations turning  out  considerable  quantities  of  ice  per  twenty-four  hours. 
As  will  be  seen  from  the  drawing  it  is  a  sextuple  or  six-effect  apparatus. 
On  the  right  are  situated  the  air,  circulating,  brine,  fresh  water,  and 
feed  pumps,  which  are  all  driven  off  one  engine,  and  are,  with  the 
latter,  the  only  moving  parts.  Next  is  placed  the  distilling  condenser 
(between  two  heaters  in  which  the  feed-water  becomes  partially  heated 
on  its  way  to  the  evaporator);  and  finally,  on  the  left,  six  separators 
placed  in  a  vertical  column,  with  the  corresponding  six  effects  arranged 
horizontally  in  the  rear. 
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In  operation  there  will  be  a  pressure  of  from  40  to  60  lbs.  in  the 
first  effect,  and  a  vacuum  of  about  27  inches  in  the  distilling  con- 
denser, the  apparatus  bdng  so  proportioned  that  this  difference  of 
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pressure  will  distribute  itself  automatically  between  the  several  effects. 
The  feed  for  the  evaporator  being  taken  from  the  circulating  water  of 
the  distilling  condenser,  a  certain  amount  of  heat,  which  would  other- 
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wise  be  rejected,  is  utilised  at  the  very  commencement  of  the  operation, 
and  the  efficiency  of  the  apparatus  is  further  increased  and  heat  econo- 
mised by  a  multiple-effect  system  of  heating  the  feed  before  reaching 
the  evaporating  vessel.  The  first  stage  of  heating  the  feed  referred  to 
is  effected  by  exposing  it  to  the  vapour  given  off  by  the  water  evapo- 
rated in  the  last  effect  while  this  vapour  is  on  its  way  to  the  distilling 
condenser,  and  then  to  the  vapour  from  the  several  effects  constituting 
the  evaporating  apparatus,  until  it  receives  its  final  increment  of  heat 
from  the  steam  employed  to  heat  the  first  effect,  into  which  the  feed 
enters  at  or  about  the  boiling  point  of  that  effect 

The  feed  entering  the  first,  passes  down  through  all  the  effects  of 
the  apparatus.  The  water  resulting  from  the  condensation  which  takes 
place  on  the  different  heating  surfaces,  together  with  that  from  the 
last  effect,  being  eventually  delivered  as  cold  distilled  water.  Usually 
the  water  resulting  from  the  condensation  of  the  steam  employed  to 
heat  the  first  effect  is  separated  from  that  produced  in  the  remainder 
of  the  apparatus,  as  being  likely  to  be  slightly  contaminated,  and  is 
reserved  for  feeding  the  boiler  supplying  steam  to  the  apparatus,  pump- 
ing engines,  etc.  On  the  number  of  effects  used  in  combination  with 
the  system  of  evaporating  water  in  continuous  motion  depends  the 
great  economy  of  fuel  which  is  obtained  in  apparatus  of  this  type.  The 
only  labour  required  in  connection  with  the  apparatus  is  that  for  stoking 
the  boilers,  and  the  necessary  attention  to  the  feeding  of  these,  and  to 
the  working  of  the  pumps.  All  parts  of  the  apparatus  are  readily 
accessible,  hinged  doors  at  the  end  of  each  effect  giving  easy  access 
to  the  interior  of  these  for  cleaning  purposes  when  required. 

An  exceedingly  compact  and  efficient  form  of  portable  Yaryan 
distilling  apparatus  has  also  been  designed  by  the  same  firm,  which  is 
entirely  self-ccmtained  and  is  easily  movable,  being  mounted  upon  an 
independent  carriage  supported  upon  strong  iron  wheels.  The  appara- 
tus comprises  two  Yarj-an  evaporators  arranged  to  work  as  a  double 
effect,  a  distilling  condenser  in  connection  therewith,  a  suitable  feed 
water  tank,  a  pump  for  feeding  the  water  to  be  distilled  through  a 
heater  into  the  first  effect  or  vessel,  and  a  tail  or  circulating  pump  for 
condensing  the  steam  given  off  from  the  second  effect  or  vessel  in  the 
distilling  condenser.  The  steam  required  for  working  the  apparatus 
is  supplied  from  a  portable  boiler  fitted  with  a  donkey  feed-pump, 
etc.,  and  also  mounted  upon  iron  road  wheels. 

The  advantages  of  a  portable  distilling  apparatus  capable  of  being 
shifted  with  great  facility  from  one  source  of  water  supply  to  another, 
or  to  any  desired  location  in  the  works,  are  obvious.     And  the  com- 
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pactness  of  the  installation  renders  it  very  easily  manageable,  one 
skilled  attendant  and  a  boy  being  sufficient  for  a  machine  having  a 
capacity  to  produce  85  gallons  of  pure  fresh  water  per  hour  from  strong 
brine  averaging  twice  the  density  of  ordinary  sea  water.  Exhaustive 
tests  proved  most  conclusively  that  the  efficiency  of  the  plant  was 
fully  equal  at  the  termination  of  each  run  to  what  it  was  at  the  com- 
mencementy  which  abundantly  demonstrated  the  self-cleaning  powers 
of  the  apparatus  when  treating  water  so  strongly  charged  with  salts. 
The  evaporative  duty  was  4  %  lbs.  of  water  per  pound  of  common  wood 
fuel;  with  coal,  however,  the  duty  would  be  about  double  per  pound 
of  coal  consumed,  and  naturally  when  treating  impure  water  of  less  den- 
sity than  the  said  brine,  or  comparatively  pure  water  for  de-aerating 
purposes,  the  amount  of  pure  de-aerated  water  obtained  per  pound  of 
fuel  consumed  would  be  proportionately  larger. 

In  the  case  of  a  single-effect  distilling  apparatus  the  above  fuel 
consumption  would  be  doubled  to  produce  the  same  amount  of 
distilled  water,  and  the  more  effects  that  are  employed  up  to  a  certain 
point  the  greater  the  economy,  a  six-effect  apparatus  being  found 
capable  of  producing  36  lbs.  of  pure  distilled  water  for  each  pound  of 
fuel  consumed,  that  amount  being  over  and  above  what  was  evaporated 
in  the  boiler  which  was  returned  to  the  latter. 

It  is  obviously,  therefore,  advisable  wherever  the  demand  for  the 
de-aerated  water  warrants  it,  to  employ  a  multiple-effect  distilling 
apparatus.* 

In  most  factories,  however,  the  exhaust  steam  from  the  engines 
will  be  available  for  use  in  the  apparatus,  and  the  expenditure  on  fud 
for  raising  steam,  specially  for  use  in  the  ev^aporator,  will  thus  be  saved. 

The  evaporator  should  be  opened  every  two  or  three  weeks,  and 
if  scale  is  found  on  any  of  the  tubes,  these  should  be  withdrawn 
and  clean  ones  inserted  in  their  place.  The  best  means  to  employ 
for  removing  the  scale  from  the  tubes  is  to  pass  them  over  a  slow 
fire,  care,  however,  being  taken  not  to  apply  more  heat  than  is 
necessary  to  bring  off  the  scale. 

Vacuum   System   of    Ice-making. 

The  method  of  making  ice  without  the  use  of  either  a  primary 
or  secondary  cooling  agent,  that  is  to  say,  by  freezing  the  water  in 
vacuo,  has  been  already  dealt  with  when  describing  the  Carr6,  Wind- 

♦  A  detailed  description  of  the  larger  forms  of  multiple-effect  Yaryan  evaporators, 
with  reference  to  their  use  for  the  evaporation  and  concentration  of  saccharine  juices 
and  solutions,  will  be  found  in  a  treatise  on  *'  Sugar  Machinery', "  by  the  same  author. 
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hausen,  Harrison,  and  other  vacuum  machines.  Briefly,  the  principle 
upon  which  they  work  is  that  if  water  be  exposed  in  a  practically  per- 
fect vacuum  it  is  rapidly  turned  into  vapour,  and  this  change  requiring 
a  large  quantity  of  heat  which  must  be  provided  by  the  water  itself, 
that  porticMi  of  the  water  which  is  not  vaporised  becomes  frozen  solid. 
As  already  mentioned,  however,  the  ice  thus  made  is  more  in  the  form 
of  granulated  snow,  and,  being  brittle,  charged  with  air,  and  possessing 
no  durability,  it  is  practically  of  very  little  or  no  market  value. 

Imitation  of  Natural  System. 

In  another  system,  wherein  an  imitation  of  the  natural  process  is 
attempted,  the  water  to  be  frozen  is  exposed  in  well-insulated  rooms  or 
chambers  to  a  temperature  far  below  freezing  point.  This  plan,  how- 
ever, is  not  found  to  answer  commercially  owing  to  the  extreme  slow- 
ness with  which  the  freezing  or  congealing  of  the  water  is  effected,  by 
reason  of  the  low  specific  heat  of  air  and  its  poor  capacity  for  conduc- 
tion, a  fault  which  cannot  be  got  over  even  by  increasing  the  cooling 
surfaces  of  the  rooms  to  an  abnormal  degree. 

Ice  Factories. 

A  factory  for  making  ice  consists  of  more  or  less  solid  buildings  in 
accordance  with  the  particular  regulations  of  the  locality,  capital  at 
command,  etc.  Fig.  320  shows  an  arrangement  of  the  ice-tank,  or 
box  room,  but  in  addition  to  this  the  factory  will  comprise  a  machine 
room,  boiler  room,  ice  store,  offices,  loading  platforms,  etc. 

The  arrangement  shown  in  the  drawing  is  intended  for  making 
ice  on  the  can  system,  and  the  ice-boxes  are  precisely  similar  to  those 
previously  described.  Above  the  ice-boxes  is  provided  a  travelling 
hoist,  or  crane,  by  means  of  which  the  cans,  or  moulds,  can  be  con- 
veniently raised  one  by  one  from  the  ice-boxes,  when  the  water  in 
the  cans  has  been  frozen,  and  transferred  to  the  platform  shown 
on  the  nght-hand  side  of  the  drawing.  On  or  beneath  this  platform 
are  provided  a  suitable  number  of  thawing  or  relieving  tanks  filled  with 
warm,  or  tepid  water,  at  about  70^  Fahr.,  and  into  this  the  can  or 
mould  is  dipped  for  a  few  seconds,  after  which  the  block  of  ice  can 
be  readily  turned  out  on  a  tip-table,  and  the  can  or  mould  is  again 
filled  with  water  and  returned  into  the  brine-tank  to  recommence  freez- 
ing. The  ice  blocks,  or  cakes,  are  in  some  instances  turned  out  of  the 
cans  or  moulds  at,  or  delivered  to,  the  upper  end  of  an  inclined  plane, 
or  runway,  down  which  they  pass  to  the  ice-store,  or  ante-chamber 
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leading  thereto.     The  waste-water  tanks,  etc.,  are  located  beneath  the 
ice-making  tanks  or  boxes. 


Fig.  321  shows  the  arrangement  of  an  ice  tank  or  box  room  of  an 
ice  factory  for  making  ice  on  the  plate  or  wall  system,  designed  by  the 


ICE- MAKING.  447 

Pulsometer  Engineering  Company,  Limited.  The  mechanism  for  rais- 
ing the  slabs  or  blocks  of  ice  from  the  ice-tanks  ot  boxes  Is  clearly 
shown  in  this  illustration. 

Figs.  322  to  324,  325  to  327,  and  328  to  330  are  suggested  plans  by 
the  Frick  CfMnpany  for  can  ice  factories  respectively  of  the  following 
capacities :  Six  to  ten  tons,  thirty  to  thirty-five  tons,  and  one  hundred 
tons.  The  arrangement  of  these  factories  is  explained  by  the  writing 
upon  the  drawings.     Figs.  331  and  332  is  a  plan  of  a  modd  ice  factory 


by  the  Triumph  Ice  Machine  Company.  Figs.  333  and  334  show  in 
plan  and  secticmal  elevation  a  five-ton  ice  factory  on  the  can  system, 
designed  by  the  Vulcan  Iron  Works.  And  Fig.  335  is  a  sectional  eleva- 
tion showing  an  ice  factory  on  the  "  EcUpse  "  can  ^stem,  as  constructed 
by  the  Frick  Company.  These  three  drawings  are  also  self-explanatory. 

Ice  Elevating  and  Conveying  Machinery. 
As  has  been  already  mentioned,  numerous  contrivances  for  mini- 
mising the  work  of  handling  the  cans  <x  moulds  and  the  blocks  <A.  ice 
have  been  derised. 
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SECTICN  THRC-G-J  C  ST  ^L  SG  RJCV 


Kij^s.  323  10  324. — Frick  Comixmy  Amngemeni  for  Ice  Facton'  of  six  10  ten  tons 
capacity.     PUa,  Sectional  Side  EUevaiion,  and  Transverse  Section. 
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Puplett  and  Rigg's  patent  of  1887  comprises  an  arrangement  for 
facilitating  the  lifting  of  the  cans  or  cases,  and  removing  the  ice.  This 
labour-saving  contrivance  consists  in  an  apparatus  for  connecting  two 
'or  more  of  the  cans,  moulds,  or  cases  together,  and  comprises  a  frame 
which  is  providefl  with  trunnions  or  gudgeons,  so  situated  as  to  be 


slightly  above  the  centre  of  gravity  of  the  cans  or  moulds.  At  one 
end  of  each  of  these  frames  a  quadrant,  worm  and  worm  wheel,  or  some 
other  convenient  means,  are  provided,  for  enabling  the  frame  and 
moulds  ther«n  to  he  inclined  to  any  required  angle.  To  admit  of  the 
frames  brang  raised  from  the  ice-making  tank  or  box  by  the  overhead 
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traveller  the  latter  is  fitted  with  links  adapted  to  engage  with  the 
above-mentioned  trunnions  or  gudgeons.     The  frame,  and  moulds  or 


IS,  heing  nearly  balanced  on  their  trunnions,  the  labour  of  discharg- 
;  the  ice  therefrom  is  greatly  reduced,  and  the  operatiwi  is  more- 
er  considerably  expedited.     The  quadrant  or  worm  gearing  is  usually 


+s* 


REFRIGERATION  AND  COLD  STORAGE. 


so  arranged  as  to  engage  with  a  suitable  device  fixed  on  to  the  links  of 
the  overhead  traveller;  but  mechanical  contrivances  can  be  dispensed 
with,  and  the  frame  containing  the  moulds  tipped  by  hand,  which 
operation,  owing,  as  above  mentioned,  to  its  being  almost  baJanced, 
can  be  so  accomplished  without  any  di£Sculty. 

Fig-  336  is  a  track  ice-can  hoist  for  use  with  very  small  ice-making 
plants.     Fig.  337  is  a  travelling  crane,  and  geared  hand-power  ic^can 


hoist,  by  means  of  which  one  man,  whilst  on  watch,  can  take  care  of 
from  10  to  15  cans  per  hoiir.  And  Fig.  338  is  an  electric  crane  for 
use  in  connection  with  large  installations,  and  which  is  capable  of 
handling  any  desired  number  of  cans.  The  above  appliance  is  con- 
stracteil  by  the  Frick  Company. 

Fig.  339  represents  an  automatic  ice-dump,  made  by  the  Triumph 
Ice  Machine  Company.     The  box  is  made  of  3-16  in.  steel,  reinforced 
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by  I  in.  X  i  in.  iron.  The  valve  and  shaft  are  bolted  on  this  box 
with  a  heavy  flange.  The  stands  carry  the  bearings  and  box,  and  are 
bolted  to  a  cast-iron  waste  box,  there  being  no  wood  about  the  box  to 
decay  or  give  way. 

The  operation  of  this  dump  is  as  follows,  viz. : — The  box  being  in 
a  vertical  position  to  receive  the  can,  the  small  lever  at  the  bottom  can 
be  operated   by   the   foot   so    as   to  give  the  dump   a   slight   tilt 
toward  the  front,  when  the  dump  will  go  over  slowly  and  turn  on  the 
warm  water  automatically,  while   same  is  turning  down  in   position 
to  dump  the  ice.     The  water  strikes  all  sides,  and  under  the  can.    The 
valves   are  so   regulated   that    the 
bottom  frf  the  can  will  receive  the 
most    water,    thereby    melting    the 
ice    away    from    that    part.    The 
weight    iA    the    ice    starting,  the 
cake   will    then    fall    on    the    bot- 
tom of  the  can,  and  the  air  will 
rush  in  over  the  top  of  the  ice, 
forcing  same  out  erf  the  can. 

Fig.    340    shows    the    Vulcan 
Iron  Works  track  ^tem.       The 
rail    in    this    arrangement    is    sup- 
ported   during   the  throw    of   the 
switches,    so    that    no    abnormal 
strain  can  come  upon  the  hinge  or 
joint,    and    the    latter    cannot    be 
broken   (rff   if   the   switch   be   left 
open.       The    rail    is    formed    of 
2J  in.    X    i    in.   iron,    and    the 
hangers    are    so    constructed    that 
any  ponion  of  the  rail  can  be  secured  to  the  hanger  without  drilling. 
These  switches  are  made  two,  three,  and  four  throw. 
Ice-delivery  machines  and  other  labour-saving  appliances  are  abo 
manufactured  by  the  Pulsometer  Engineering  Company,  Limited,  and 

Whatever  the  arrangement,  however,  for  drawing  the  ice,  one  thing 
is  absolutely  necessary  to  ensure  economical  working,  and  that  is  the 
strictest  regularity.  It  is,  of  course,  understood  that  the  machinery 
should  also  be  kept  working  at  as  uniform  a  speed  as  possible,  and  that 
all  temperatures  should  be   maintained   as  normal  as   practicable. 

Suitable  ice  elevators  or  hoists  are  also  required  for  raising  the 
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F'E-  337' — Tiavetline  Crane  and  Geared  hand-power  Ice-can  Hoisl. 


f 'g'  J38.— Eleclric  Crane  Tor  handling  Ice  Can 
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blocks  of  ice  from  one  level  of  the  factory  to  another.     Amongst  nume- 
rous devices  for  this  purpose,  mention  may  be  made  of  the  following, 
viz.,  that  wherein  an  endless  chain,  provided  with  hooks,  is  emplc^ed 
to  grab  the  blocks  of 
ice,  and  drag  them  up 
an      iincUne,       which 
latter  may  be  made  in 
sections,  so  as  to  ad- 
mit of  the  ice  being 
discharged      at      dif- 
ferent elevations.   The 
hooks  are  set  in  posi- 
tion  to   engage   with 
J  the  blocks  of  ice  by  a 
spring  bar  upon   the 
frame    carrying     the 
Fir-  3J9.— Aulomalic  Ice  Dump.  driving  -  wheeJ.         In 

another  arrangement 
the  blocks  of  ice  are  shoved  up  a  fixed  spiral  incline,  by  arms  or 
levers  projecting  radially  from  a  shaft,  located  vertically  in  the  centre 
of  the  incline,  and  rotated  in  any  convenient  manner. 


fig.  340.— Vulcan  Iron  \\'orltR  Tr.iek  Syslem, 

Ordinary  hydraulic  or  steam  platform  lifts,  communicating  between 
the  different  floors  of  the  factory,  may  be  located  wherever  found  to  be 
necessary  and  convenient,  as  also  run-ways  or  slip-ways  and  gravity 
hoists. 

A  number  of  loose  tools  are  likewise  required  in  an  ice  factory  for 
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manipulating  the  ice,   such  as  ice-saws,   hatchets,   hooks   and   picks, 
hoisting  tongs,  trollies,  etc.,  etc. 

Ice-Making,   General. 

It  is  advisable  to  have  hydrants  in  suitable  positions  thruughout 
the  buildings,  and  this  precaution  is  especially  desirable  where  am- 
monia max^hines  are  in  use,  the  extreme  affinity  of  ammonia  for  water 
rendering  the  latter  (as  already  mentioned)  the  be£t  remedy  to  emplc^ 
for  killing  the  ammonia  should  any  considerable  quantity  become 
accidentally  spilt 

The  ice  store  is  usually  refrigerated  by  means  of  a  brine  or  direct 
expansion  coil,  and  the  ante-room  thereto  should  be  cooled  in  a  similar 
manner.  It  may  be  taken  that,  as  usually  stored,  a  ton  of  ice  will 
occupy  about  50  cubic  feet.  The  top  layer  should  be  covered  with 
dry  sawdust  or  shavings.     See  also  "  Storing  Ice." 

In  some  places  it  is  found  advisable  and  advantageous  to  add  to  the 
ice  factory  buildings  one  or  more  cold  stores  or  chambers,  wherdn 
perishable  products  can  be  preserved  for  customers  desiring  such 
accommodatio  n. 

The  management  of  ice-making  and  refrigerating  machines  will  be 
found  dealt  with  in  the  next  chapter,  so  far  as  the  space  at 
command  will  allow.  That  of  the  steam  engines  or  other  motors 
employed  for  driving  these  and  of  the  miscellaneous  accessory 
machines  and  apparatus  will,  kA  course,  in  no  way  differ  from  those 
used  for  other  purposes,  and  instructions  for  the  proper  care  and  work- 
ing thereof  are  outside  the  province  of  this  work.* 

Freezing    Times    for    Different    Temperatures  and 

Thicknesses  of  Can  Ice, 

(Sitbirt.\ 


*  For  detailed  inrunnation  icgarding  friction,  anil  the  management  and  lubrication 
of  the  rubbing  p.irls  of  machinet^',  &cc  "  Bearings  and  Lubrication,"  by  the  same 
author. 
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Time  Required  for  Water  to  Freeze  in  Ice  Caws. 

{The  Triumph  Ice  McLchine  Company^  Catalogtie). 

Cans,  size,  6  in.  by  12  in.  by  24  in.  Weight  of  cake,  50  lbs.  Time  to  freeze,  20  hours. 
Cans,  size,  8  in.  by  18  in.  by  32  in.  Weight  of  cake,  100  lbs.  Time  to  freeze,  36  hours. 
Cans,  size,  8  in.  by  16  in.  by  40  in.  Weight  of  cake,  1 50  lbs.  Time  to  freeze,  36  hours. 
Cans,  size,  1 1  in.  by  22  in.  by  32  in.  Weight  of  cake,  200  lbs.  Time  to  freeze,  55  hours. 
Cans,  size,  1 1  in.  by  22  in.  by  44  in.  Weight  of  cake,  300  lbs.  Time  to  freeze,  60  hours. 
Cans,  size,  1 1  in.  by  22  in.  by  57  in.   Weight  of  cake,  400  lbs.  Time  to  freeze,  60  hours. 

Note. — Temperature  of  bath  14  to  18  degrees  Fahrenheit.  As  a  rule  the  higher 
the  bath  temperature  the  slower  the  process  of  freezing,  but  the  finer  and 
clearer  the  ice. 


Table  of  Ice-Plant  Efficiencies  collected  from  twenty-seven 
Existing  and  Operating  pLAHTS.^Sneddon. 


Ice  Produced  in 
ions  per  24  bonis. 

1 

Coal  Consumed  in 
lbs.  per  24  bours. 

1 

Pounds  of  Water 
Q     1    evaporated  to  xoo  lbs. 
"^    '    G  Presffure  from  212" 
Q         per  24  hours  (or  max.     1 
0         Ice  Production). 

Pounds  of  Water 
M         evaporated  per  lb.  of 
M     '    Coal  (or  lbs.  of  Ice 
*^         made). 

B.T.V.  contained  iu 
X  lb.  of  Coal  (calcu- 
lated). 

Total  Heat  put  into 
toUl  Water 
evaporated  by  x  lb. 
of  Coal. 

Efficiency  per  cent. 

Loss  on  70  per  cent. 
1    basis  per  cent. 

1 

5*4 

4,800 

13,400 

2,261 

17-6 

75  „ 

57 

4,800 

11,400 

2-37 

13,400 

2,381 

177 

74-8 

7-25 

4,000 

14,500 

3*62 

12,200 

3,638 

29-8 

57-5 

7-5 

4,000 

15,000 

375 

12,200 

3,768 

30-8 

56-0 

IO-33 

5,000 

20,660 

4*13 

'4'?58 

4,150 

27-9 

6o-2 

II 

5,000 

22,000 

3*93 

14,858 

.^,949 

19-9 

71-6 

14 

12,000 

28,000 

2*33 

12,700 

2,341 

i8-4 

74'3 

H-5 

9,000 

29,000 

322 

11,900 

3,236 

27*2 

612 

16-5 

9,500 

33,000 

3-47 

11,900 

3,488 

29-3 

58-0 

15-6 

9,600 

31,200 

3-25 

12,300 

3,266 

26-5 

62-2 

i6'5 

11,200 

33,coo 

2-94 

12,300 

2,945 

26-5 

658 

20 

12,000 

40,000 

3*33 

12,600 

3,346 

62-2 

19 

8,000 

38,coo 

^75 

12,200 

4,773 

39*1 

44*2 

14-5 

6,000 

29,000 

4-83 

12,200 

4,854 

398 

43*2 

17*5 

10,000 

35,000 

3*5 

12,000 

3,517 

29-3 

58-0 

17-66 

10,000 

35,320 

3-53 

12,600 

3,547 

28-1 

6o*o 

27-5 

»3»5«> 

55,000 

4-07 

13,000 

4,090 

31-3 

55-3 

19 

7,000 

38,000 

6-66 

12,200 

5,447 

44*6 

36-3 

20 

6,000 

40,000 

13,000 

'    6,693 

51-4 

26-6 

23 

6,800 

46,000 

6-76 

13,000 

6,793 

52-2 

25-5 

24 

7,000 

48,000 

6-85 

13,000    ' 

6,884 

53*o 

25-8 

29 

14,000 

S«,ooo 

4-14 

12,000 

4,160 

34-6 

50-6 

25 

18,000 

50,000 

277 

12,000 

2,783 

23-2 

66-9 

32 

22,000 

(4,000 

2-90 

12, '00 

3,045 

253 

62*9 

31 

14,000 

62,000 

4-42 

10,500 

4,442 
7,286 

42*2 

39-8 

82 

22,500 

164,000 

728 

13,100 

55-6 

20*6 

«5         , 

20,740 

1 70,000    , 

8-22 

13,100 

8,261 

630 
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Table  giving  Sizes  and  Capacities  of  various  Ice-making  Plants. 

H.  H.  Kelly,  The  Engineer,  New  York. 


ons*  per 
\  Hours. 

Size  of 
Enpne. 

• 

g 

Size  of 
Com- 
pressor. 

Size  of  Blocks 
of  Ice. 
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rt^  0 

"o 

§1 

• 
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5 
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I 

t 
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I 

3 
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15 

I 
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2 

5 
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75 
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20 

li 

2         2 

2 
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70 
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2 

2         2 

3 
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65 
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2i 

2         2 

3 

>S 
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65 
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3 

2 

2 

4 

20 
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55 
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SO 

4 

2 

2 

5 

30 
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52 
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}- 

5 

2 

2 

6 

40 
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50 
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90 

6* 

2 

2 

7 

15 
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50 
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94 

8 
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8 

60 
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45 
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96 

10 
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9 

80 
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45 
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13 
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lO 
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t  One 
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Brine  for   Use  in   Refrigerating  and   Ice-making   Plants. 

A  brine  suitable  for  the  above  purpose  can  be  made  with  from  3 
to  5  lbs.  oi  chloride  of  calcium,  or  muriate  of  lime,  in  accordance  with 
its  degree  of  purity,  dissolved  in  each  gallon  of  water.  The  density  of 
this  solution  is  about  23°  Beaum^,  its  weight  about  13 J  lbs.  per 
gallon,  and  the  freezing  point  is  — 9^  Fahr.  As  the  above  standard 
of  density  must  be  kept  up,  in  order  to  prevent  the  brine  from  becom- 
ing congealed  in  the  refrigerator,  or  the  ice-making  tanks  or  boxes,  it 
is  desirable  to  test  it  periodically  with  a  salinometer. 

In  the  best  American  practice  first  quality  medium  ground  salt, 
preferably  in  bags  for  convenience  of  handling,  is  employed,  the  pro- 
portions being  about  3  lbs.  of  salt  to  each  gallon  of  water.  The  brine 
is  made  in  a  brine  mixer,  such  as  that  shown  in  Fig.  341,  which  con- 
sists of  a  water-tight  box  or  tank  a,  about  4  ft.  x  8  ft.  x  2  ft,  having  a 
suitably  perforated  false  bottom  b,  and  a  small  compartment  c,  parti- 
tioned off  at  one  extremity,  communicating  with  the  main  compartment 
through  an  overflow  d,  situated  at  the  upper  end  of  the  partition, 
and  fitted  with  a  large  strainer,  to  prevent  the  passage  into  the  small 
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compartment  of  salt  or  foreign  bodies.  The  water  is  admitted  through 
a  pipe  E,  which  extends  into  the  tank  a,  and  runs  the  full  length  of  the 
false  bottom,  the  latter  portion  being  perforated,  as  shown,  and  the 
brine  is  removed  through  a  pipe  f,  from  the  upper  part  of  the  end 
compartment,  at  the  lower  extremity  of  which  latter  pipe  is  a  strainer- 
box  and  strainer  through  which  the  brine  passes  before  delivery  into  the 
bnne-tank.  A  salt  gauge,  salinometer,  or  hydrometer  is  also  placed 
in  this  end  compartment.  The  sketch  shown  is  from  one  given  in  the 
New  York  "  Engineer." 

The  salt  should  be  dissolved  in  the  water  until  it  reaches  a  density 
of  about  90°  by  the  hydrometer.  To  facilitate  dissolution  it  is  desir- 
able to  stir  the  salt  in  the  mixer  with  some  handy  implement,  the 
salt  bdng  shovelled  in  as  fast  as  it  can  be  got  to  dissolve. 

By  the  use  (rf  this  mixer  the  settlement  of  salt  on  the  bottom  and 


F'E-  34'' — Brine  Mixing  Tank.     Vertical  Longiludinal  CentriU  Section. 
on  the  C(m1s  in  the  brine  tank,  which  ine\itably  results  when  the  dis- 
solution is  effected  direclly  in  the  latter,  is  avoided. 

To  maintain  the  strength  of  the  brine  it  is  recommended  to  suspend 
bags  filled  with  salt  in  the  brine-tank,  or  to  pass  the  return  brine 
through  the  above-described  brine  maker  or  mixer. 

A  cheap  and  easily  constructed  apparatus  for  mixing  brine  can  be 
made  out  of  an  old  barrel  in  which  a  perforated  false  bottom  is  fixed 
a  short  distance  above  the  bottom,  the  water  to  form  the  solution  Jieing 
delivered  to  the  space  between  the  two  bottoms,  and  an  overflow  pipe 
fitted  with  a  suit^le  strainer  and  a  well  to  recdve  a  salinometer  being 
provided  near  the  top  to  draw  off  the  brine. 

When  the  temperature  falls  below  7  degrees  below  zero  Fahr. 
chloride  of  calcium  must  be  employeil,  as  a  solution  of  common  salt 
can  only  be  reduced  to  7  degrees  below  zero,  whilst  chloride  of 
calcium  can  be  cooled  down  to  39  degrees  beU)w  zero  Fahr. 
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Storing,  Handling,  and  Selling  Ice. 

For  storing  purposes  ice  should  be  clear,  solid,  and  devoid  of  core. 
In  America  some  persons  insist  that  ice  for  storage  should  not  be  made 
at  temperatures  higher  than  10°  to  14^  in  brine  tank. 

The  first  requisite  for  a  storage  house  for  artificial  ice,  as  also  for 
natural  ice,  is  of  course  the  best  possible  insulation;  other  necessary 
points  to  be  attended  to  are  drainage  and  ventilation.  The  best  shape 
for  an  ice  storage  house  is  square,  or  as  nearly  approaching  this  form 
as  possible,  and  the  roof  should  have  a  good  pitch.  An  ante-room  or 
lobby  is  also  desirable,  as  by  the  provision  of  this  latter  the  necessity 
for  the  frequent  opening  of  the  main  store  is  done  away  with. 

To  preserve  the  ice,  the  storage  rooms,  as  well  as  the  ante<:ham- 
bers  or  lobbies  must  be  refrigerated,  and  the  amount  of  the  latter  re- 
quired may  be  roughly  estimated,  according  to  Prof.  Siebel,  at  from 
about  ten  to  sixteen  British  termal  units  of  refrigeration  per  cubic  feet 
contents  for  twenty-four  hours.  About  one  foot  of  2 -inch  pipe  (or  its 
equivalent  in  other  size  pipe)  per  fourteen  to  twenty  cubic  feet  of  space 
is  frequently  allowed,  says  the  same  gentleman,  in  ice  storage  houses 
for  direct  expansion,  and  about  one-half  to  one-third  more  for  brine 
circulation.  The  pipes  should  be  located  on  the  ceiling  of  the  ice 
storage  house. 

The  ventilation  of  an  ice  storage  house  should  be  carefully  attended 
to,  and  ventilators  fitted  with  suitable  regulators  should  be  jwovided 
both  in  the  highest  part  of  the  roof  and  also  in  the  gable  ends.  The 
drainage  should  be  such  as  to  absolutely  prevent  the  accumulation  of 
any  moisture  beneath  the  bed  of  ice.  It  is  reconmiended  to  paint  an 
ice  store  white,  preferably  with  a  mineral  such  as  barytes,  or  patent 

white. 

Respecting  the  best  method  to  adopt  for  packing  the  ice  in  the 
store,  considerable  diversity  of  opinion  seems  to  exist.  It  is  well  to 
provide  a  bed  of  from  eighteen  inches  to  two  feet  of  cinders,  as  this 
tends  to  improve  the  drainage  of  the  house.  In  one  method  the  blocks 
are  placed  on  edge  and  as  closely  packed  together  as  possible,  the 
blocks  in  each  succeeding  layer  being  placed  exactly  over  those  beneath 
and  all  breaking  of  joints  being  avoided.  The  ice  is  covered  between 
the  times  of  storing  with  dry  sawdust  or  soft  wood  shavings,  and  the 
uppermost  layer  is  invariably  covered  with  dry  sawdust  or  shavings. 

Mr.  R.  Thompson,  writing  to  the  Canadian  Farming  World,  says 
that  in  filling  the  house  he  places  the  ice  on  edge,  placing  every  alter- 
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nate  layer  crossways,  which  plan,  he  claims,  enables  ice  to  keep  better 
and  come  out  easier. 

Others  recommend  that  the  ice  be  stored  with  alternate  ends  touch- 
ing and  alternately  from  one  and  a  half  to  two  inches  apart,  so  as  to 
prevent  the  ice  from  freezing  together.  The  cakes  or  slabs  of  ice 
should  not  be  parallel  to  each  other,  and  storage  should  only  be  made 
when  the  temperature  is  at  or  below  freezing.  Or,  again,  J^-in.  strips 
placed  between  the  layers  of  ice  in  the  store  so  as  to  separate  the  cakes 
or  blocks,  top,  side,  and  bottom,  from  all  others  in  the  house. 

For  packing  the  ice,  sawdust,  rice  chaff,  straw,  hay — ^marsh  or 
prairie  hay  being  said  to  be  preferable — are  employed.  Of  these  mate- 
rials hay  is  the  best,  rice  chaff  is  capable  of  being  dried  and  re-used. 
Six  inches  of  well  packed  hay  should  be  placed  between  the  ice  and 
the  walls,  and  no  covering  until  the  store  is  full. 

A  cubic  foot  of  ice  is  taken  to  weigh  57*5  lbs.  approximately  at  32*^ 
Fahr.  A  cubic  foot  of  wnter  frozen  at  32°  will  make  1*0855  cubic  foot 
of  ice,  thus  showing  an  expansion  of  85  per  cent,  due  to  freezing.  A 
cubic  foot  of  pure  water  at  39°  Fahr.,  its  point  of  greatest  density, 
weighs  62*43  lbs.  ^i^y  cubic  feet  of  ice,  as  usually  stored,  equals 
about  one  American  or  short  ton  of  ice  (2,000  lbs.),  or  62  cubic  feet 
one  English  ton.  In  small  ice  houses  in  which  the  ice  is  closely 
packed,  a  short  ton  of  ice  can  be  got  into  from  40  to  45  cubic  feet. 

When  withdrawing  ice  from  a  store  breaking-out  bars  for  bottom 
and  side  breaking  are  required,  and  if  properly  skilled  assistance  is  not 
available  a  considerable  amount  of  the  ice  will  in  all  probability  be 
broken  up  and  wasted. 

The  wastage  of  ice  in  an  ice  store  not  artificially  cooled,  from  Janu- 
ary to  July  is,  in  the  United  States,  at  the  rate  of  about  'i  pound  of  ice 
per  twenty-four  hours  for  each  square  foot  of  wall  surface,  or  say  from 
5  to  10  per  cent,  of  the  ice  stored  during  the  six  months. 

The  amount  of  heat  that  will  pass  through  a  square  foot  of  ice  one 
inch  in  thickness  is  put  at  10  British  thermal  units  per  hour  for  each 
degree  Fahrenheit  difference  between  the  respective  temperatures  on 
each  side  of  the  sheet  of  ice. 

In  handling  and  selling  ice,  the  waggons  should  be  clean  and  sani- 
tary, the  men  in  charge  should  avoid  walking  about  in  them  with  dirty 
boots,  and  blocks  of  ice  should  not  be  deposited  and  slid  about  on 
filthy  pavements.  These  matters  are  attended  to  in  the  United  States, 
but  here  they  are  totally  neglected. 

In  the  United  States  the  selling  and  delivery  of  ice  is  generally  done 
by  the  coupon  system,  which  is  thus  described  by  Prof.  Siebel :  "  It  is 
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a  system  of  keeping  an  accurate  account  with  each  customer  of  the  de- 
livery of  and  the  payment  for  ice  by  means  of  a  smalt  book  containing 
coupons,  which  in  the  aggregate  equal  500  or  1,000  or  more  pounds  of 
ice  taken  by  the  customer  every  time  ice  is  delivered.     These  books  are 


Fig.  34^. — l5-Tons  Per  Hour  Power  Ice-crushing  Machine. 

used  in  the  delivery  of  ice  in  like  manner  as  mileage  books  or  tickets 
are  used  on  the  railroad.  A  certain  number  of  coupons  are  printed  on 
each  page,  each  coupon  being  separated  from  the  others  by  perforation, 
so  that  they  are  easily  detached  and  taken  up  by  the  driver,  when  ice  is 
delivered.     Such  books  are  each  supplied  with  a  receipt  or  due  bill, 
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so  that  if  the  customer  purchases  his  ice  on  credit,  all  that  is  necessary 
for  the  dealer  to  do  is  to  have  the  customer  sign  the  receipt  or  due  bill 
and  hand  him  the  book  containing  coupons  equal  in  the  aggregate  to 
the  number  of  pounds  of  ice  set  forth  in  the  receipt  or  due  bill.  The 
dealer  then  has  the  receipt  or  due  bill,  and  the  customer  has  the  book 
of  coupons.  The  only  entry  which  the  dealer  has  to  enter  against 
such  purchaser  in  his  books  is  to  charge  him  with  coupon  book  number, 
as  per  number  on  book,  to  the  amount  of  500,  1,000,  or  more  pounds  of 
ice,  as  the  value  of  the  book  so  delivered  may  be.  The  driver  then 
takes  up  the  coupons  as  he  delivers  the  ice  from  day  to  day." 

Ice-Crushing  or  Breaking  Machinery. 

A  class  of  machine  required  in  most  modem  ice  factories  is  that 
for  ice-crushing  or  breaking.  There  are  numerous  uses  for  this  type  of 
machine,  but  probably  the  most  important  is  the  crushing  of  ice  for 
use  on  board  fishing  smacks  and  vessels,  where  it  would  be  compara- 
tively useless  in  large  solid  blocks,  and  must  be  crushed  or  broken  up 
into  small  pieces  before  it  can  be  satisfactorily  employed  for  the  pur- 
pose of  packing  the  fish.  This  latter  desideratum  likewise  applies  to  the 
transport  of  fish  by  rail,  and  to  the  requirements  of  fishmongers,  hotels, 
restaurants,  etc.  Fig.  342  shows  a  belt-driven  machine  having  a  crush- 
ing capacity  of  15  tons  per  hour,  built  by  Messrs.  David  Bridge  and  Co., 
Castleton,  Manchester,  a  firm  that  have  made  a  speciality  of  this  class  of 
machinery.  The  machine  consists  essentially  of  a  suitable  hopper  to 
receive  the  blocks  or  pieces  of  ice,  and  a  pair  of  crushing  or  breaking 
rollers  provided  with  steel  spikes  arranged  in  such  a  manner  that 
the  ice  will  not  be  allowed  to  slip  or  slide,  and  the  breaking  operation 
will  consequently  conunence  without  loss  of  time.  The  breaking  or 
crushing  rollers  are  suitably  geared,  and  the  bearings  are  independent, 
gun-metal  bushed,  and  provided  with  effective  lubricating  arrangements. 
An  excellent  feature  in  the  design  of  the  machine  is  that  all  the  parts 
are  so  arranged  as  to  be  readily  accessible  for  cleaning  and  repairs. 

Besides  the  machine  shown,  the  firm  also  make  various  other  sizes 
of  power-driven  crushers  from  1%  tons  up  to  30  tons  per  hour 
capacity,  as  well  as  small  hand-power  machinery  intended  for  the 
use  of  fishmongers,  and  in  hotels,  restaurants,  or  anywhere,  in  fact, 
where  it  is  required  to  crush  or  break  ice  from  the  block,  but  the 
demand  is  not  large.  These  latter  machines  are  made  in  three 
sizes,  viz.,  of  10,  15,  and  25  cwt.  capacities.  Ice-crushing  machines  are 
also  made  by  Mr.  C.  E.  Barton,  of  Grimsby,  and  others. 
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MANAGEMENT. 
Ammonia  Compression  Machines. 

Every  particular  type  of  machine  working  on  this  principle  has,  as 
a  rule,  certain  distinctive  or  characteristic  features,  and  will,  of  course, 
so  far  at  least  as  these  are  concerned,  require  special  care  and  adjust- 
ment, and  it  would  consequently  be  totally  impossible  to  lay  down  an 
arbitrary  set  of  rules  for  working,  that  would  be  suitable  to  all ;  nor  is 
this  necessary  or  required,  as  full  particulars  relating  to  the  manipula- 
tion of  each  particular  machine  are  invariably  supplied  by  the  makers. 
The  following  points,  however,  are  more  or  less  aj^plicable  to  all 
machines  working  on  the  ammonia  compression  principle,  and  should 
therefore  be  familiar  to  those  in  charge  of  same. 

Before  charging  an  empty  machine  with  anhydrous  ammonia,  all 
air  must  first  be  carefully  expelled.  This  is  effected  by  working  the 
pumps  so  as  to  discharge  the  air  through  special  valves  which  are 
usually  provided  on  the  pump  dome  for  that  purpose. 

The  entire  system  should  have  been  previously  to  this  thoroughly 

H   H 
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tested  by  working  the  compressor,  and  permitting  air  to  enter  at  the 
suction  through  the  special  valves  provided  for  that  purpose,  and  it 
should  be  perfectly  tight  at  300  lbs.  air  pressure  on  the  square  inch, 
and  should  be  able  to  hold  that  pressure  without  loss.  Whilst  testing 
the  system  under  air  pressure  it  should  be  also  carefully  blown  through 
and  thoroughly  cleansed  from  all  dirt,  every  trace  of  moisture  being 
likewise  removed. 

It  is  totally  impossible  to  eject  all  air  from  the  plant  by  means  of 
the  compressor,  therefore  it  is  advisable  to  insert  the  requisite  charge 
of  ammonia  gradually  and  not  all  at  once,  the  best  practice  being  to 
put  in  from  60  to  70  per  cent  of  the  full  charge  at  first,  and  cautiously  * 
permit  the  air  still  remaining  to  escape  through  the  purging-cocks 
with  as  little  loss  of  gas  as  possible,  subsequently  inserting  an  additional 
quantity  of  ammonia  once  or  twice  a  day,  until  all  the  air  has  been 
got  rid  of  by  displacement,  and  the  complete  charge  has  been  intro- 
duced. 

To  charge  the  machine,  the  dryer  or  dehydrator  of  the  apparatus 
for  manufacturing  or  generating  anhydrous  ammonia,  or,  where  no  such 
apparatus  is  included  in  the  installation,  the  drum  or  iron  steel  flask 
of  anhydrous  ammonia,  should  be  connected,  through  a  suitable  pipe,  to 
the  charging  valve;  the  expansion  valve  must  be  then  closed,  and  the 
valve  communicating  with  the  dryer  or  dehydrator,  or  that  in  the  flask 
or  bottle  opened.  The  machine  should  be  run  at  a  slow  speed  when 
sucking  ammonia  from  the  drier,  or  whilst  the  flask  is  being  emptied, 
with  the  discharge  and  suction  valves  full  open.  In  the  latter  case, 
when  one  of  the  said  flasks  or  bottles  has  been  completely  emptied  it 
must  be  removed,  the  charging-valve  having  been  first  closed,  and 
another  placed  in  position,  until  the  machine  is  suflSciently  charged  to 
work,  when  the  charging-valve  should  be  finally  closed,  and  the  main 
expansion  valve  opened  and  regulated.  A  glass  gauge  upon  the  liquid 
receiver  will  show  when  the  latter  is  partially  filled,  and  the  pressure 
gauges,  and  the  gradual  cooling  of  the  brine  in  the  refrigerator  (in  the 
case  of  a  brine  circulation  or  ice-making  apparatus),  and  the  expansion 
pipe  leading  to  the  refrigerator  coils  becoming  covered  with  frost, 
indicate  when  a  suflftcient  amount  to  start  working  has  been  inserted. 

It  is  sometimes  advisable  to  slightly  warm  the  vessels  or  bottles 
containing  the  anhydrous  ammonia  by  means  of  a  gas  jet,  or  in  some 
other  convenient  manner,  whilst  transferring  their  contents  to  the 
machine,  as  otherwise  if  frost  forms  on  .the  exterior  of  the  bottles 
they  will  not  be  completely  discharged,  and  loss  of  ammonia  will 

ensue. 
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The  flasks,  bottles,  or  other  receptacles  containing  the  anhydrous 
ammonia  should  be  always  kept  in  a  tolerably  cool  and  a  perfectly 
safe  situation,  and  they  should  moreover  be  moved  and  handled  with 
the  utmost  caution  and  care. 

In  the  event  of  an  accident  occurring,  and  any  considerable  quan- 
tity of  the  ammonia  becoming  spilt,  it  is  well  to  remember  that  it  is  so 
extremely  soluble  in  water  that  one  part  of  the  latter  at  a  temperature 
of  60°  Fahr.  will  absorb  some  800  parts  of  the  ammonia  gas,  therefore 
water  should  be  employed  to  kill  or  neutralise  it,  and  any  person 
attempting  to  penetrate  an  atmosphere  saturated  with  this  gas  should 
not  fail  to  place  a  cloth  well  saturated  with  water  over  his  nose 
and  mouth,  or,  better  still,  a  suitable  helmet  or  respirator. 

The  machine  having  been  started,  and  the  regulating  valve  opened, 
it  is  essential  to  note  carefully  the  temperature  of  the  delivery  pipe  on 
the  compressor,  and  if  it  shows  a  tendency  to  heat  then  the 
r^ulating  valve  must  be  opened  wider;  whilst,  on  the  contrary,  should 
it  become  cold,  the  valve  must  be  slightly  closed,  the  regulation 
or  adjustment  thereof  being  continued  until  the  normal  temperature  of 
the  above  pipe  is  the  same  as  that  of  the  cooling  water  leaving  the 
condenser.  When  the  charge  of  ammonia  in  the  machine  is  insuffi- 
cient, the  delivery  pipe  will  become  heated,  and  that  even  when  the 
regulating  valve  is  wide  open. 

There  are  many  additional  signs  of  the  healthy  working  of  the 
apparatus  other  than  the  fact  that  it  is  satisfactorily  performing  its 
proper  refrigerating  duty,  which  soon  become  easily  recognisable  to 
those  in  charge;  for  example,  every  stroke  of  the  piston  will  be 
clearly  marked  by  a  corresponding  vibration  of  the  pointers  or  indexes 
of  the  pressure  and  vacuum  gauges.  The  frost  visible  on  the  exterior 
of  the  ammonia  pipes  leading  to  and  from  the  refrigerator  will  be 
about  the  same.  The  liquid  ammonia  can  be  distinctly  heard  passing 
in  a  continuous  and  uninterrupted  stream  through  the  regulating  valve. 
The  temperature  of  the  condenser  will  be  about  15°  higher  than  that 
of  the  cooling  water  running  from  the  overflow.  And  finally,  the 
temperature  of  the  refrigerator  will  be  about  is**  lower  than  the  actual 
temperature  of  the  brine  or  water  being  cooled. 

Air  will  find  its  way  into  the  system  through  leaky  stuffing  boxes, 
improper  regulation  of  the  expansion  valve:,  etc.  Its  presence  in  any 
considerable  volume  is  shown  by  a  kind  of  whistling  noise,  the  liquid 
ammonia  passing  through  the  expansion  valve  in  an  intermittent 
manner,  a  rise  of  pressure  in  the  condenser,  and  also  loss  of  efficiency 
thereof,  and  other  obvious  signs.     In  this  case  the  air  must  be  got 
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rid  of  through  the  purging-cocks  in  a  similar  manner  to  that  which 
remains  in  the  system  when  first  charging  the  machine. 

The  presence  of  any  considerable  amount  of  oil  or  water  in  the 
system,  which  may  result  from  careless  distillation,  will  cause  a  reduc- 
tion in  efficiency,  and  will  be  evidenced  by  shocks  within  the  com- 
pressor cylinder. 

The  temperature  can  be  r^ulated  either  by  running  the  machine  at 
a  higher  speed  or  by  increasing  the  back  pressure,  or  by  a  combination 
of  both.  The  back  pressure  can  be  regulated  by  means  of  an  expan- 
sion valve  or  valves  fitted  between  the  receiver  and  the  refrigerator 
evaporating  coils  or  pipes  in  the  main  liquid  pipe. 

It  is  absolutely  necessary  that  an  ample  supply  of  oil  for  lubri- 
cating purposes  be  forced  into  the  stuffing  box  of  the  compressor  at 
frequent  intervals,  otherwise  it  will  be  found  that  the  heated  am- 
moniacal  gas  at  high  pressure  will  very  rapidly  cut  through  even  the 
very  best  packing.  Pure  mineral  oil  of  good  body  is  found  to  be  the 
best  lubricant;  animal  and  vegetable  oils  should  not  be  used,  as  on 
contact  with  ammonia  they  will  saponify,  and  much  trouble  and  loss 
will  ensue  therefrom. 

Another  matter  requiring  special  attention  is  the  proper  lift  of  the 
suction  and  discharge  valves,  and  these  should  invariably  be  provided 
with  suitable  means  for  admitting  of  the  lift  being  readily  adjusted. 
The  lift  should  not  be  too  high,  otherwise  the  valves  will  not  close 
with  sufficient  promptitude,  and  a  loss  of  efficiency  will  result,  and  that 
more  especially  in  compressors  running  at  high  speed. 

When  superheating  of  the  anmionia  gas  in  the  compressor  is 
guarded  against  by  the  circulation  of  cooling  water  through  a  jacket 
surrounding  the  latter,  it  is  desirable  to  ascertain  the  proper  amount 
of  water  necessary  to  secure  the  best  results.  This  will,  of  course, 
vary  with  the  condensing  pressure,  about  12  gallons  of  water  per  hour 
for  each  ton  of  refrigerating  effect  per  day  of  24  hours  being  usually 
found  to  be  sufficient  for  low  condensing  pressures  of,  say,  from  95  to 
no  lbs.,  whilst,  on  the  other  hand,  with  a  high  condensing  pressure 
of  about  r5o  lbs.,  the  amount  will  have  to  be  increased  to  50  gallons  or 
more  per  hour. 

The  larger  the  amount  of  cooling  water  that  is  employed  in  the 
separator  jacket  the  better;  and  this  water  need  not  be  wasted,  as  it 
may  be  conducted  through  a  suitable  overflow  into  the  condenser,  and 
utilised  together  with  that  delivered  specially  thereto.  The  overflow 
pipe  conducting  this  water  to  the  condenser  should  preferably  dip 
down  for  a  certain  distance  into  the  condenser. 
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Respecting  the  quantity  and  temperature  of. the  cooling  water  for 
the  condenser,  it  must  be  remembered  the  lower  the  temperature  of  the 
condensed  ammonia  the  less  will  be  the  pressure  against  which  the 
compressor  has  to  work,  and  consequently  the  greater  will  be  the  sav- 
ing in  fuel  and  in  wear  and  tear  to  the  moving  parts. 

The  amdunt  of  condensing  water  required  will  vary  in  accordance 
with  the  temperature  at  which  it  is  run  from  the  condenser;  for  in- 
stance, if  the  condensing  water  be  run  into  the  condenser  at  a 
temperature  of  about  60^  Fahr.,  and  leaves  at  the  overflow  or  waste 
at  a  temperature  of  say  90"*  Fahr.,  the  quantity  of  water  required 
will  be  about  i  gallon  per  minute  for  each  ice  capacity  of  one  ton 
per  twenty-four  hours;  whilst  if  the  temperature  of  the  overflow  or 
waste  were  75°  Fahr.,  the  original  temperature  at  the  inlet  being  the 
same  as  before,  the  amount  of  water  required  would  be  about  2*5  gal- 
lons per  minute  for  each  ice  capacity  of  one  ton  per  twenty-foiu:  hours, 
and  a  reduction  of  about  40  lbs.  in  the  condensing  pressure  would  be 
effected.  In  large  towns  and  cities,  however,  where  the  water  from  the 
water  companies'  mains  has  to  be  used,  and  paid  heavily  for,  it  is  often 
doubtful  economy  to  attempt  to  reduce  the  temperature  of  the  con- 
densed ammonia  below  a  certain  point,  say  60°  Fahr.,  during  the 
winter  months,  and  70°  Fahr.  during  the  summer  months.  It  is  ob- 
vious that  when  a  high  price  has  to  be  paid  for  the  water  employed  for 
cooling  and  other  purposes,  every  effort  possible  should  be  made  to 
utilise  it  to  the  fullest  extent,  and,  with  this  end  in  view,  it  is  desirable 
to  use  the  overflow  water  from  the  condenser  for  boiler-feeding  pur- 
poses, or  to  employ  some  means,  such  as  a  cooling-tower,  for  saving 
that  which  would  be  otherwise  run  to  waste  and  be  completely  lost 

To  prevent  loss  of  efficiency  from  heating  of  the  ccnidensed  am- 
monia, it  is  advisable  that  the  receiver  and  piping  should  be  covered 
with  a  thick  layer  of  some  suitable  non-conducting  material,  which  pre- 
caution is  the  more  necessary,  inasmuch  as  the  piping  generally 
passes  through  the  engine  room,  and  consequently  the  temperature  of 
the  ammonia  is  not  infrequently  raised  as  much  as  25°,  above  that  at 
which  it  left  the  condenser,  before  it  enters  the  coils  or  pipes  of  the 
refrigerator,  which  causes  a  loss  of  about  2-5  per  cent  on  the  ice- 
making  capacity  of  the  machine.  The  pipes  conveying  the  ammonia 
gas  from  the  coils  or  pipes  of  the  refrigerator  to  the  compressor  should 
be  likewise  well  covered  with  non-conducting  material,  so  as  to  pre- 
vent, as  far  as  possible,  any  further  accession  of  heat  in  the  gas 
during  the  transit.  The  desirability  of  this  will  be  readily  seen  when  it 
is  remembered  that  the  refrigerating  capacity  of  a  machine  of  this 
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type  is  dependent  upon  the  weight  of  ammonia  circulated,  and  that  the 
volume  of  a  given  weight  of  the  gas  increases  in  proportion  to  the 
elevation  of  its  temperature,  and  consequently  the  higher  this  is  raised 
the  smaller  will  be  the  weight  of  the  gas  circulated  or  dealt  with  by  the 
compressor,  although  the  volume  may  be  the  same. 

Oil  Separators  or  Collectors. 

In  the  case  of  a  compressor  wherein  the  cylinder  is  cooled  by  a 
water  circulation  round  its  exterior  walls,  and  not  by  the  intro- 
duction of  cooling  liquid  to  the  interior  thereof,  a  certain  amount  of  the 
oil  employed  for  lubricating  purposes  will  gain  access  to  the  interior 
round  the  piston  rod,  and  this  oil  would,  unless  proper  means  be  taken 
to  prevent  it,  be  carried  thiHugh  the  discharge  valve  along  with  the 
ammonia  gas,  and,  after  first  passing  into  the  condenser,  would  finally 
gain  access  to  the  evaporating  or  expansion  coils  or  pipes  of  the  refri- 
gerator, and  also  stop  or  clog  up  the  expansion  valve,  and  otherwise 
reduce  the  efficiency  of  the  machine. 

The  method  employed  for  recovering  any  oil  carried  over  with  the 
ammonia  gas  in  a  compressor  of  the  De  La  Vergne  type,  employing 
a  sealing,  cooling,  and  lubricating  liquid  in  the  cylinder,  has  been  al- 
ready mentioned  when  dealing  with  that  machine;  with  compressors 
wherein  other  means  are  employed  for  ensuring  a  complete  or  a  prac- 
tically complete  discharge  of  the  ammonia  at  each  stroke  of  the  piston, 
suitable  oil  separators  or  collectors  for  the  mechanical  separation  of  the 
oil  from  the  gas,  and  in  some  cases  rectifiers  are  used.  The  oil  sepa- 
rator, which  should  be  at  least  as  large  as  the  liquid  ammonia  receiver, 
is,  as  a  rule,  placed  in  the  main  pipe  between  the  compressor  and  the 
condenser.  Another  oil  separator  or  trap  is  frequently  fitted  c«i  the 
expansion  or  low  pressure  side  of  the  refrigerator,  usually  in  close  prox- 
imity to  the  inlet  to  the  compressor  pump.  The  object  of  this  latter 
is  to  intercept  any  scale,  dirt,  etc.,  from  the  pipes,  and  prevent  its  gain- 
ing access  to  the  pump  cylinder  and  injuring  the  piston  and  valves. 
The  shells  of  these  separators  or  traps  are  usually  constructed  of 
wrought-iron  or  steel,  and  it  is  essential  to  have  perfectly  gas-tight 
joints. 

The  separator  or  oil  collector  frequently  supplied  consists  merely 
in  a  cylindrical  vessel  into  which  the  ammonia  gas  is  conducted  at  one 
extremity  and  leaves  at  the  other.  The  inlet  and  outlet  being  situ- 
ated at  some  inches  from  the  ends  or  covers,  the  gas  is  supposed  to  be 
freed  from  the  oil  carried  over  therewith  by  coming  in  contact  with  the 
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sides  of  the  cylinder,  and  it  passes  on  to  the  condenser,  whilst  the 
oil  falls  to  the  bottom  of  the  vessel. 

A  better  form  of  separator  is  that  wherein  baffles  or  plates,  de- 
scending vertically  to  slightly  below  the  centre  of  the  cylindrical  vessel, 
and  extending  alternately  nearly  but  not  quite  to  the  opposite  sides 
of  it,  are  employed.  In  this  arrangement  the  gas  is  admitted  at  one 
side  of  the  cylinder,  and,  after  taking  a  zig-zag  course  between  the 
baffles  or  plates,  leaves  at  the  other  side.  A  very  considerable 
increase  of  contact  surface  is  thus  ensured  in  a  separator  of  this  type, 
a  modified  form  of  which  is  employed  in  the  De  La  Vergne  system,  and 
the  separator  is  rendered  considerably  more  efficient. 

The  gas  being  at  a  temperature  of  some  200^  Fahr.  when  passing 
through  the  separator  or  interceptor,  the  oil  contained  or  carried  over 
with  it  is  in  a  limpid  condition,  and  is,  therefore,  difficult  to  elimi- 
nate from  the  gas.  To  obviate  this  objection  the  separator  or  oil  col- 
lector is  sometimes  water-jacketed,  by  which  means  the  temperature 
can  be  maintained  low  enough  to  cause  the  oil  to  separate  easily  from 
the  gas  and  fall  to  the  bottom  of  the  cylinder  or  vessel.  By  this  ar- 
rangement its  efficiency  is  still  further  increased. 

Puplett  and  Rigg's  patent  separator  or  interceptor  has  been  al- 
ready described  in  a  previous  chapter,  and  centrifugal  oil  separators 
have  also  been  used  with  some  success.  A  type  of  oil  separator  re- 
commended by  some  makers  is  fitted  with  an  arrangement  of  wire 
screens. 

A  separator  of  this  latter  type  was  patented  in  1887  by  S.  Puplett 
and  J.  L.  Rigg,  which  consisted  of  a  cylindrical  vessel  having  a  water- 
jacket  through  which  a  circulation  of  cooling  water  is  maintained,  and 
provided  centrally  with  two  or  more  sheets  or  screens  of  wire  gauze 
or  perforated  sheet  metal,  by  which  the  cylindrical  vessel  or  cham- 
ber is  divided  vertically  into  two  compartments.  The  gas  from  the 
compression  pump  is  discharged  into  this  vessel  or  chamber  against  the 
sheets  or  screens,  and  is  forced  through  the  interstices  or  meshes,  the 
surface  contact  separating  the  oil,  held  in  mechanical  suspension,  from 
the  gas.  The  separator  being  maintained  at  a  lower  temperature  than 
the  gas  by  means  of  the  above-mentioned  water-jacket,  a  rapid  conden- 
sation of  any  oil  passing  over  with  the  gas  takes  place,  and  this  oil 
is  first  deposited  on  the  sheets  or  screens,  from  which  it  falls  to  the 
bottom  of  the  separator,  from  whence  it  can  be  drawn  off  through  a 
discharge-cock  fixed  therein,  without  stopping  the  machine,  and  with- 
out any  material  loss  of  gas  or  admission  of  air  occurring. 

To  catch  any  oil  that  may  pass  down  the  return-liquid  pipe,  an  inter- 
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ceptor  is  attached  to  the  latter  in  any  convenient  position,  but  pre- 
ferably as  near  as  possible  to  the  refrigerator.  This  interceptor  is 
formed  of  a  cylindrical  vessel  having  a  diaphragm  extending  from  the 
cover  to  within  a  short  distance  of  the  bottom,  and  another  diaphragm 
extending  from  the  bottom  thereof  to  within  a  short  distance  of  the 
cover,  thus  forming  three  compartments.  The  return-liquid  pipe  passes 
through  the  cover  nearly,  but  not  quite,  to  the  bottom  of  the  intercep- 
tor on  one  sijde  of  the  first  diaphragm — that  is  in  the  outer  compart- 
ment— and  is  continued  from  near  the  bottom  of  the  interceptor  to 
beyond  the  second  diaphragm,  that  is  to  say,  out*  of  the  third  compart- 
ment. Any  oil  that  passes  down  the  return  liquid  pipe  collects  in  the 
first  compartment  of  the  interceptor,  from  whence  it  can  be  withdrawn 
through  a  cock  fixed  in  the  first  compartment  without  stopping  the 
machine,  or  causing  an  appreciable  loss  of  gas  or  the  admission  of 
air  to  any  injurious  extent.  This  interceptor  is  preferably  jacketed, 
and  is  surrounded  with,  and  maintained  at  a  suitable  temperature  by 
means  of  cold  brine,  in  order  to  aid  in  separating  the  oil  from  the 
liquefied  gas. 

Even  the  best  of  the  ordinary  separators  or  oil  collectors  at  pre- 
sent in  common  use  are,  however,  more  or  less  defective  in  action,  and 
those  having  under  their  charge  expansion  coils  or  brine  coolers  are 
well  aware  of  the  fact  that  considerable  quantities  of  oil  gain  access 
to  the  expansion  coils  or  the  ammonia  space  of  the  brine  cooler  in  com- 
pression systems.  This  oil,  it  is  well  known,  is  a  great  drawback  to  the 
successful  working  of  the  system,  acting  as  an  insulator  and  preventing 
the  eflficient  transfer  of  heat  from  the  ammonia  to  the  pipe,  and  also 
occupying  a  considerable  part  of  the  space  required  for  the  liquid  am- 
monia. The  oil  is  in  a  finely-divided  and  partially  vaporised  condi- 
tion, for  which  reason  the  ordinary  separators  fail  to  eliminate  it  from 
the  liquid  ammonia.  The  obvious  rernedy  seems  to  be  to  so  construct 
the  separator  that  the  liquid  ammonia  will  be  cooled  before  passing  to 
the  expansion  valve  and  so  as  to  condense  the  oil  vapour  and  separate 
same  from  the  liquid  ammonia.  This  action  would  be  ensured  in  the 
oil  separator  shown  in  Fig.  343,  designed  by  Mr.  Gardner  T. 
Voorhees,  S.B.,  M.A.S.M.E.,  which  was  lately  described  in 
"  Ice  and  Refrigeration."  The  liquid  ammonia  from  the  con- 
denser, after  passing  through  the  gas  trap,  then  passes  by  pipe  a, 
into  the  space  b,  of  the  separator.  Here  the  velocity  of  the  liquid 
ammonia  is  reduced  by  the  large  flow  area  of  the  separator.  The  am- 
monia flows  slowly  over  the  outer  surface  of  the  coil  c.  This  coil  is 
as  cold  as  the  cold  liquid  ammonia  after  it  has  passed  the  expansion 
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valve.  This  cold  ccril  cools  the  whole  body  of  the  liquid  ammonia  in 
the  separator,  and  the  oil  separates  out  in  small  globules,  as  shown, 
and  settles  to  the  bottom  of  the  separator. 

The  liquid  ammonia,  now  free  from  oil,  passes  out  by  the  pipe  D,  to 
the  expansion  valve  d*,  and  expands  through  the  coil  C,  passing  out 
through  the  [npe  e  to  the  expansion  coils,  or  to  the  ammonia  space  in 
the  brine  cooler.     The  oil  can  be  seen  in  the  glass  of  the  automatic 
gauge<;ocks,  and  can  be  drawn 
off  from  time  to  time  through 
the    pipe  f   and    the  valve    g. 
The  separator  can  be  insulated 
or  not,  as  desired.     If  insulated 
the    only    loss    of    refrigeration 
would    be    a    neglectable    small 
one  through  the  insulation.     If 
uninsulated,    it    would    be    rela- 
tively   small,    and    less    than    is 
often  found  in  uninsulated  liquid 
headers  and  expansion  valves. 

Fig-  344  shows  a  modified 
arrangement  of  the  catch-alls  or 
interceptors  employed  on  the 
Vatyan  patent  evaporators, 
which,  the  author  thinks,  would, 
in  all  probability,  ensure  a  very 
perfect  elimination  of  the  oil. 
As  will  be  seen  from  the  illus- 
tration it  consists  in  a  cylinder 
A,  which  is  water-jacketed  as 
shown  at  a',  and  divided  into 
two  compartments  by  a.  tube- 
plate  or  partition  b,  from  which  pig.  343.- 
project  tubes  c,   c,   which   es-  '"tiur, 

tend  round  the  gas  outlet  pipe 

D,  and  extend  nearly  but  not  quite  to  the  end  of  the  cylinder, 
the  outlet  pipe  extending  into  the  cylinder  for  a  distance  equal 
to  about  half  the  length  of  the  tubes.  "  e  is  the  inlet  pipe 
through  which  the  ammcmia  gas  and  the  particles  of  oil  carried  over 
therewith  are  delivered  into  the  first  chamber  of  the  separator  or  oil 
collector,  f  is  a  wire  gauze  or  perforated  screen  or  diaphragm,  and 
f',  f',  are  baffle  or  check-plates  which  extend  alternately  to  within 
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close  proximity  to  the  opposite  sides  of  the  cylinder.  A  cleataoce  is 
likewise  provided  at  the  bottom  of  each  (rf  the  baffle  or  check-plates 
p,  and  of  the  partition  or  tube-plate  b,  to  allow  of  the  free  passage 
of  the  oil  from  the  first  compartment  or  chamber  to  a  well  formed  in 
the  bottom  of  the  separator  cylinder  a;  g  is  a  pipe  leading  from  this 
well,  through  which  the  oil  can  be  drawn  off  when  required;  h,  h', 
are  respectively  the  inlet  and  outlet  pipes  for  the  cooling  water  to  the 
water-jacket. 

In  operation  the  gas  and  oil  enter  the  first  chamber  or  compart- 
ment of  the  separator,  and  pass  to  the  tubes  c,  through  the  wire  gauze 
diaphragm  F,  and  taking  a  zig-zag  course  from  side  to  side  of  the 
separator  past  the  baffle  or  check-plates  f'.     A  large  proportion  of  the 


oily  particles  strike  against  the  diaphragm,  and  the  check,  divi^on, 
or  baffle-plates  f',  and  become  separated  from  the  gas,  finally  falling 
to  the  bottom  of  the  compartment,  and  passing  to  the  well  a*.  The 
partially  cleared  gas  then  passes  through  the  interior  of  the  open-ended 
tubes  c  into  the  serond  chamber  or  compartment,  and  returns  along 
the  space  on  the  outside  thereof  to  the  outlet  pipe  d,  the  remainder 
of  the  oily  particles  becoming  deposited  on  the  interior  and  exterior 
surfaces  of  the  tubes  C,  and  on  the  walls  of  the  compartment,  from 
which  they  likewise  fall,  and  are  collected  in  the  well  in  the  bottom 
of  the  latter.  The  very  extenderl  surfaces  with  which  the  gas  thus 
comes  in  contact  during  its  passage  through  the  separator  or  collector, 
will  ensure  the  complete  deposition  of  the  oil  held  in  suspension  by  the 
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gas,  and  the  latter  will  finally  pass  out  from  the  separator  or  oil 
collector  at  the  outlet  pipe  d  completely,  or  practically  completely, 
freed  therefrom. 

The  separator  or  oil  collector  is  sometimes  so  connected  with  the 
compressor  that  the  oil  can  be  used  over  again;  this,  however,  is 
objectionable  in  the  case  of  a  double-action  compressor,  as  the 
connection  is  liable  to  become  choked  with  pieces  of  packing  that  find 
their  way  into  the  separator.  When  a  rectifier  is  used,  the  separator 
is  in  some  instances  connected  therewith  through  a  rotary  cock, 
operated  from  the  main  shaft  by  means  of  a  band,  which  cock  is  kept 
constantly  working  discharging  a  small  quantity  of  oil  at  each  revolu- 
tion into  the  rectifier,  so  long  as  any  remains  in  the  separator.  The 
failure  of  oil  in  the  separator  is  indicated  by  the  connecting  pipe 
between  the  latter  and  the  separator  becoming  covered  with  frost,  when 
the  cock  must  be  immediately  thrown  out  of  gear  and  the  oil  allowed 
to  accumulate  in  the  separator  before  re-starting  it.  When  the 
separator  is  connected  directly  with  the  rectifier  the  cock  in  the 
connecting  pipe  should  be  opened  periodically,  say  about  every  twelve 
hours.  The  oil  may  be  discharged  from  the  rectifier  at  about  similar 
intervals,  and  the  amount  of  oil  that  is  found  to  be  entering  the  com- 
pressor cylinder  is  an  index  to  the  state  of  the  packing  in  the  stuffing 
box,  a  large  quantity  being  a  certain  sign  that  it  requires  renewal  or 
seeing  to.  It  is  most  important  that  the  separator  or  oil  collector  be 
cleaned  out  at  pretty  frequent  and  regular  intervals. 

The  liquid  ammonia  receiver  is  invariably  located  below  the  con- 
denser, a  supply  pipe  being  led  from  it  to  the  evaporator  or  refrigerator 
governed  by  the  expansion  cock  or  valve. 

Fig.  345  illustrates  a  type  of  ammonia  receiver  and  oil  trap  made 
by  the  Triumph  Ice  Machine  Company.  The  pipe  shown  passing 
through  the  vessel  is  the  suction  pipe  to  the  compressor  pump  cylinder, 
and  when  this  pipe  becomes  coated  with  frost,  it  materially  assists  in 
cooling  the  liquid  ammonia,  and  thereby  greatly  increasing  the  effi- 
ciency of  the  plant.  At  the  top  of  the  receptacle  is  a  wire  gauze 
strainer,  shown  in  plan  on  the  left-hand  side  of  the  drawing,  which 
prevents  foreign  bodies  and  impurities  from  gaining  access  to  the 
system. 

Accumulations  of  Deposit  in  the  Condenser. 

It  not  infrequently  happens  that  deposit  accumulates  on  the  ex- 
terior surface  of  the  condenser  coils  from  sediment  in  the  water,  and 
on  the  interior  surface  thereof  from  oil  and  foreign  bodies.     The 
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Fig,  345.— Triumpli  Ice  Machine  Company  Ammonia  Receiver  and  Oil  Trap. 
Verlical  Cemtal  Scclion  and  Del  ail  Views. 
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smaller  ammonia  pipes  may  sometimes  become  filled  with  obstructions 
to  the  extent  of  completely  blocking  them  up.       These  bodies  may 
consist  of  lumps  of  solder  or  other  matter  accidentally  left  in  the 
tubes  when  making  the  joints,  or  of  pieces  of  packing  from  the  stuffing- 
box  carried  over  with  the  gas.     The  deposit  or  furring  of  the  condenser 
coils  or  pipes  is  objectionable  inasmuch  as  it  acts  as  a  non-conducting 
covering,  and  prevents  them  from  freely  transferring  the  heat  to  the 
cooling  water,  and  the  choking  of  other  conduits  is  likewise  followed  by 
corresponding  loss  of  efficiency,  for  example,  that  of  one  of  those  lead- 
ing to  one  of  the  refrigerator  coils  or  sets  of  'pipes  will  result  in  the 
latter  not  acting  at  all,  or  only  very  slightly.     Complete  choking  up 
or  obstruction  of  one  of  these  latter  conduits  is  evidenced  by  that 
particular  pipe,  and  also  the  corresponding  return  pipe,  not  becoming 
covered  with  frost  at  all,  or  only  so  to  a  very  small  extent ;  and  a  slightly 
less  degree  of  frost  upon  any  of  these  pipes  indicates  partial  choking 
or  obstruction,  and  a  consequent  very  feeble  action  of  the  coil  or  set 
of  pipes. 

The  coils  or  pipes  in  the  condenser  should  be  frequently  cleaned 
on   the  exterior  with  a  suitable  brush,   and,   whenever  practicable,  , 
removed  at  fixed  periods  and  carefully  scaled.     This  is  best  and  most 
easily  effected  by  heating  the  tubes,  care  being  taken,  however,  not  to 
carry  such  heating  to  an  injurious  extent     The  interior  surfaces  of  the 
tubes  can  be  cleansed  by  blowing  steam  through  them   at  a  con- 
siderable pressure.     To  clear  small  obstructions  from  a  conduit  leading 
to  one  of  the  refrigerator  coils  or  sets  of  pipes,  it  is  usually  sufficient 
to  turn  the  entire  stream  of  ammonia  into  it.     Should,  however,  the 
obstruction   prove   obstinate,    and   it   be   found   impossible   to   shift 
it  in  this  manner,  an  early  opportunity  must  be  taken  to  clear  it  by 
blowing  steam  through  it     Any  considerable  choking  of  the  conduits 
leading  to  the  refrigerator  coils  is  followed  by  a  very  marked  decrease 
of  efficiency  in  the  latter. 

Breaking  Joints. 

Whenever  a  joint  has  to  be  broken,  and  any  portion  of  the  machine 
opened  for  any  purpose  whatever,  it  is  absolutely  essential  that  the 
whole  of  the  ammonia  contained  in  that  part  should  be  pumped  or  trans- 
ferred to  another  part,  or  if  this  cannot  be  done  it  should  be  dis- 
charged, preferably  into  water,  which  can  readily  be  effected  by  means 
of  a  short  strong  indiarubber  tube.  On  account  of  the  already-men- 
tioned great  solubility  of  ammonia  in  water,  it  will  become  readily  ab- 
sorbed, if  the  vessel  into  which  it  is  discharged  be  kept  sufficiently  re- 
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plenished  with  cool  water.  It  is  of  the  utmost  importance  that  the 
rule  of  carefully  removing  all  ammonia  pressure  before  breaking  a  joint 
be  strictly  adhered  to. 

In  warm  weather,  or  in  hot  climates,  the  joints  will  require  con- 
stant attention,  and  periodical  inspection,  and  tightening  up  of  the 
bolts ;  and  at  all  times,  even  in  the  winter  in  this  climate,  they  are  liable 
to  develop  leaks  through  the  working  of  the  machinery. 

Lubricating  "Qualities,  etc.,  of  Ammonia. 

Ammonia  being  a  good  solvent,  and  having  no  efifect  upon  iron  or 
steel,  the  parts  will  become  clean  and  free  frcMn  deposit,  after  working 
for  a  short  period,  and  the  cylinder  and  piston  will  be  found  highly 
polished.  Ammonia  also  possesses  some  slight  lubricating  qualities, 
and,  therefore,  after  starting,  no  other  lubricant  need  be  introduced 
into  the  compressor  cylinder.  The  cylinder  covers,  as  also  the  valve 
box  covers,  should  be  occasionally  removed  and  a  thorough  inspection 
made  of  the  piston,  cylinder,  and  valves.  The  latter  are  exceedingly 
apt  to  become  cut  or  marked  by  fragments  of  scale,  and  require 
grinding  in  periodically. 

Compressor  Piston  Rod  Packings. 

A  properly  packed  piston-rod  will  remain  in  good  order  for  at  least 
six  months,  provided  the  rod  be  in  first-rate  condition  and  per- 
fectly true ;  under  contrary  conditi(Mis,  however,  trouble  will  be  experi- 
enced in  a  fortnight  or  less.  The  usual  precautions  to  be  observed  in 
order  to  properly  pack  a  steam  engine  or  other  stuffing  box,  which  are 
well  known,  or  should  be  so,  to  those  in  charge  of  ammonia  plants, 
are  equally  applicable  in  the  case  of  the  compressor,  but  the  herein- 
before-mentioned extensively  searching  nature  of  anunonia  gas  demands 
the  exertion  of  extra  care.  These  observations  apply  more  especially 
in  the  case  of  a  double-acting  compressor. 

For  single-acting  compressors  metallic  packing  will  be  found  the 
best,  that  of  Victor  Duteme,  the  patent  for  which  expired  many  years 
ago,  being  an  excellent  one  for  the  purpose. 

A  single-acting  compressor  stuffing  box,  being  only  subjected  to  the 
suction  pressure,  that  is  to  say,  to  one  of  about  28  pounds  per  square 
inch,  or  even  less,  the  maintenance  of  a  tight  joint  is  a  matter  of  com- 
parative facility.  With  a  double-acting  compressor,  however,  the  case 
is  different,  as  the  pressure  will  vary  from  125  lbs.  at  the  lowest  to  some- 
times as  much  as  180  lbs.  at  the  highest,  and  with  such  a  searching  gas 
as  ammonia  the  stuffing  box  is  a  part  likely  to  give  the  engineer  in 
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charge  at  least  as  much  concern  as  any  other  portion  of  the  machine. 
Should,  however,  the  piston-rod  be  in  first-rate  condition  and  per- 
fectly true,  a  properly-packed  stuffing-box  will,  as  already  mentioned, 
enable  a  gas-tight  joint  to  be  maintained  for  six  months  or  more;  with 
the  opposite  state  of  things  leakage  will  probably  occur  in  a  fortnight  or 
less,  and  in  practice  the  rod  will  seldom  be  found  to  be  in  the  first-named 
state  of  high  perfection,  consequently  the  joint  may  be  expected  to 
remain  tight  for  any  period  of  time  between  the  two  above  mentioned. 

The  stuffing  box  should  be  of  considerable  depth,  say  a  foot,  a 
clearance  of  from  half-inch  to  three-quarter  inch  being  left  between 
the  piston-rod  and  its  inner  wall.  Fig.  346  is  a  diagram  from  a  sketch 
given  in  an  American  journal  showing  one  fonn  of  stuffing  box,  and 
method  of  packing,  from  which  it  will  be  seen  that  it  is  packed  in  two 


Fig.  346. — Stuffing  Box  and  Packing  for  Ammonia  Machine.     Longitudinal 

Section. 

sections,  a  steel  lantern  a,  some  inches  long,  being  inserted  centrally 
in  the  stuffing  box  b,  with  packing,  c,  on  each  side  of  it. 

Double-acting  compressor  stuffing  boxes  are  best  packed  with  com- 
binations of  packings,  metallic  packings  (which  are  found  very  suitable 
for  the  stuffing  boxes  of  single-acting  compressors)  not  giving  good 
results  with  the  former.  Many  of  the  special  and  patented  packings 
will  be  found  suitable.  Plaited  cotton  packing,  cut  into  suitable 
lengths,  and  inserted  in  the  form  of  rings,  may  be  employed,  it  being 
desirable,  however,  in  this  case  to  finish  off  with  a  couple  or  more 
rubber  insertion  rings. 

Packings^  consisting  of  indiarubber  and  duck,  and  indeed  most 
packings  of  good  quality  containing  indiarubber,  are  suitable  when  the 
piston-rod  is  in  good  order,  and  the  larger  the  proportion  of  rubber  the 
better,  as  the  ammonia  has  no  injurious  action  upon  the  latter,  only 
making  it  swell  and  become  spongy,  and  thereby  enabling  a  gas-tight 
joint  to  be  maintained  with  but  a  trifling  amount  of  friction. 
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The  packing  should  be  driven  home  tightly,  piece  by  piece,  with 
a  packing  stick  made  of  hard  wood,  and  a  mallet,  the  gland  being 
finally  screwed  on  by  hand  only,  so  as  to  allow  for  the  expansion  of  the 
packing.  This  latter  precaution  is  absolutely  necessary  in  order  to 
ensure  the  maximum  life  of  the  latter.  When  tightening  up  the  gland 
care  must  be  taken  to  do  so  equally  all  round,  and  not  to  screw  up  the 
nut  on  one  bolt  more  than  on  any  of  the  others. 

Several  of  the  patented  systems  for  preventing  the  occurrence  of 

leakage  of  gas  taking  place  past  the  stuffing  box  have  been  described 

in  previous  chapters,  but  the  present  purpose  is  only  to  endeavour  to 

show  how  a  good  job  can  be  made  with  ordinary  stuffing  boxes  and 
packings. 

To  Charge  and  Work  a  Carbonic  Acid  Machine. 

The  following  directions,  whilst  applying  more  or  less  to  all  carbonic 
acid  refrigerating  machines,  refer  more  especially  to  those  made  by 
Messrs.  J.  and  E.  Hall,  Limited. 

Before  charging,  fill  the  compressor  with  glycerine  and  nm  the 
machine  for  an  hour  or  two  with  all  the  valves  open  wide. 

To  charge  the  machine,  suspend  a  flask  of  CO2,  valve  upwards, 
from  a  spring  balance  and  connect  by  a  copper  wire  to  the  evaporator. 
See  that  connecting  joints  are  tight.  The  steel  flasks  contain  about 
40  lbs.  of  CO2,  and  the  number  required  will,  of  course,  depend  upon 
the  size  of  the  machine. 

Open  the  valve  on  the  flask  and  on  evaporator.  The  difference 
in  weight  between  the  empty  and  full  flask  will  denote  the  weight  of 
C02  that  has  passed  into  the  machine. 

After  the  flasks  are  half  empty,  warm  them  with  hot  water.  When 
empty  close  the  valve  whilst  the  flask  is  still  warm.  Should  any  CO^ 
remain,  it  will  be  cold,  and  at  the  lower  extremity. 

On  first  charging  a  new  machine,  blow  the  air  out  of  the  system 
by  breaking  the  joint  between  the  regulator  and  the  pipe  leading  to  it, 
the  regulator  being  closed  and  all  other  valves  open,  and  blow  two  or 
three  pounds  of  CO2  through. 

When  charging,  carefully  examine  all  joints  as  the  pressure  rises, 
using  soap  and  water  for  the  purpose. 

The  CO2  gauges  on  condenser  and  evaporator  indicate  on  the 
outer  circle  the  pressure  in  atmospheres,  and  on  the  inner  circle  the 
corresponding  temperatures  of  CO2. 

When  fully  charged,  start  the  machine  with  all  the  valves  open  and 
adjust  the  regulator  {i.e.,  the  inlet  valve  of  the  evaporator),  so  that  the 
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condenser  gauge  will  indicate  on  the  inner  circle  5*^  to  10°  above  the 
temperature  of  the  cooling  water  at  the  inlet  to  the  condenser^  and 
the  evaporator  gauge  10°  to  15°  below  the  temperature  of  the  brine 
or  water  to  be  cooled. 

Under  normal  working  conditions  the  compressor  should  be  cold 
or  partly  covered  with  snow,  and  the  delivery  pipe  from  it  should  be 
rather  warmer  than  the  hand  can  comfortably  bear.  If  the  delivery 
pipe  is  not  hot  enough,  slightly  close  the  regulator,  when  the  tempera- 
ture will  quickly  rise.  If  the  compressor  becomes  warm,  it  points 
to  the  regulator  being  insufficiently  open. 

Should  it  be  impossible  to  secure  the  conditions  above-mentioned, 
the  system  is  short  of  gas.  To  further  test  this,  close  the  regulator, 
and  if  the  evaporator  gauge  falls  rapidly  and  continuously,  the  system 
is  short  of  gas.  If  properly  charged,  the  gauge  should  remain  almost 
stationary  for  several  revolutions  of  the  machine.  Besides,  if  sufficient 
gas  be  present  in  the  system,  the  condenser  gauge  could  hardly  rise 
at  all,  even  after  working  two  minutes. 

When  short  of  gas,  or  in  doubt,  insert  more,  extra  gas  in  the 
system,  up  to  a  quarter  charge,  will  do  no  harm.  It  will  be  indicated 
by  the  condenser  gauge  showing  20  or  more  degrees  above  the  inlet 
water  temperature.  If  the  machine  be  short  of  gas  the  refrigerating 
work  done  will  be  but  a  fraction  of  its  proper  duty. 

The  temperature  of  the  brine  to  be  maintained  depends,  of 
course,  upon  the  refrigeration  that  is  to  be  performed. 

The  clearance  spaces  at  the  ends  of  the  compressor  being  small, 
they  must  be  maintained  equal  at  both  ends. 

The  hydraulic  leathers  forming  the  piston  packing  will  require 
examination  and  removal  occasionally,  and  it  is  particularly  necessary 
that  the  nut  securing  these  leathers  should  be  well  screwed  up  and 
locked.  After  putting  in  new  leathers  it  is  advisable,  two  days  after 
starting,  to  tighten  up  the  nut  again. 

The  suction  and  delivery  valves  should  be  examined  periodically. 
When  they  require  re-grinding,  spare  ones  may  be  put  in. 

In  machines  with  the  valve  seatings  making  double  joints,  see  that 
both  copper  rings  are  equally  crushed  by  the  valve  casing.  Leakage 
at  the  outer  joint  will  indicate  itself  outside,  but  at  the  inner  joint  will 
not  be  perceptible  except  in  reducing  the  work  done  by  the  machine. 

To  test  the  work  of  the  compressor,  close  the  regulator,  when 
the  evaporator  gauge  should  be  pumped  down  from  say  25  atmos- 
pheres to  5  atmospheres  in  about  200  revolutions.  If  slower,  either 
the  valves  or  the  pistons  are  faulty. 

I  I 
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The  gland  is  packed  with  two  hydraulic  battens,  between  which  a 
pressure  of  glycerine  is  maintained  by  means  of  the  special  lubricator 
provided.  The  gland  should  not  be  screwed  up  too  hard.  The 
lubricator  will  require  pumping  up  after  some  hours'  work,  and  when 
the  piston  has  moved  four  inches.  This,  however,  should  not  occur 
under  three  hours  if  the  gland  battens  and  compressor-rod  are  in  good 
order.  The  lubricator-valve  should  be  open  a  full  turn.  The  glycerine 
which  leaks  from  the  gland  should  be  caught,  and  after  filtering,  used 
again.  Great  care  should  be  taken  to  keep  the  compressor-rod  free  from 
scratches  or  marks,  which  would  rapidly  destroy  the  gland  leathers. 

If  short  of  leathers,  the  gland  may  be  temporarily  packed  with 
ordinary  tallowed  packing,  thus:  first  put  in  two  or  three  turns  of 
packing,  then  the  spiral  ring,  and  then  fill  up  with  packing,  care  being 
taken  that  the  ring  comes  opposite  the  glycerine  outlet  when  the 
gland  is  screwed  up. 

Any  glycerine  passing  into  the  compressor  will  be  caught  in  the 
separator,  and  must  be  drawn  off  twice  daily  by  slacking  the  nut  at 
the  bottom,  and  after  filtering,  used  over  again. 

All  glycerine  used  should  be  free  from  water,  acid,  and  dirt. 

On  the  suction  side  of  the  compressor  is  a  strainer,  and,  with  a  new 
machine,  this  should  be  taken  out  and  cleaned  after  the  first  and  second 
day,  and  then  occasionally. 

When  stopping,  it  is  not  necessary  to  close  any  valves.  The  gauges 
will  then  equalise,  standing  at  the  pressure  of  the  evaporator.  Before 
starting,  care  should  be  taken  to  see  that  all  the  valves  are  open,  a 
safety  valve,  however,  is  provided  to  relieve  the  pressure  should  this  be 
neglected. 

The  speed  will  vary  in  accordance  with  the  size  of  the  machine. 

It  is  particularly  necessary  that  all  pipes,  joints,  and  glands  of 
spindle-valves  should  be  carefully  examined  and  kept  tight  For  the 
first  few  days  especially  they  should  be  examined  daily,  and  all  bolts 
and  gland-nuts  screwed  hard  up.  The  most  minute  leak  should  be 
instantly  stopped. 

To  examine  the  compressor,  close  the  suction  and  delivery,  screw 
down  valves,  and  slack  off  a  joint  to  let  the  gas  escape.  Make  sure 
all  pressure  is  gone  before  opening  up. 

When  the  machine  is  stopped  for  a  week  or  more,  the  piston-rod 
should  be  withdrawn  and  oiled,  or  painted  with  white  lead  and  tallow. 
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Freezing  or  Choking  up  of   Compression   System. 

In  working  a  compression  machine  considerable  trouble  is  fre- 
quently experienced  owing  to  freezing  or  choking  up.  This  is  caused 
by  small  particles  of  moisture  entering  with  the  gas  from  the  compres- 
sor, or  from  the  escape  of  glycerine  or  oil  through  the  separator, 
which  gradually  accumulates  in  the  system,  and  finally  solidifies  at  the 
bottom  of  the  evaporator  or  refrigerator  coil,  or  at  the  expansion  or 
regulator  valve  or  cock.  The  latter  place  is  the  least  objectionable, 
and  as  a  general  rule  it  can  be  cleared  away  by  quickly  throwing  the 
valve  open  to  its  fullest  extent  To  clear  the  evaporator  or  refrigerator 
coil,  a  cock  should  be  fitted  to  the  evaporator  or  refrigerator 
casing  or  shell  as  low  down  as  possible,  and  to  this  should  be  connected 
a  steam  pipe  or  hose  from  any  available  source  of  supply,  such  as 
a  drain-cock  on  the  steam  pipe  to  the  engine.  The  steam  should  be 
turned  on  slowly,  and  the  temperature  of  the  brine  in  the  evaporator 
or  refrigerator  raised  to  about  70°  Fahr.,  the  overflow  cock  from  the 
evaporator  to  the  brine  tank  being  opened.  The  effect  of  this  will  be 
to  liquefy  the  oil  on  the  interior  of  the  coil,  and  it  will  then  run  down 
to  the  bottom  of  the  latter,  where  the  expansion  valve  should  be  full 
opened,  so  as  to  communicate  with  the  condenser.  If  the  compressor 
be  then  slowly  started  in  the  ordinar}'  manner,  in  about  half-an-hour  the 
oil  will  float  to  the  top  of  the  liquid  and  may  be  drawn  off  at  the 
separator. 

In  drawing  off  or  clearing  out  the  separator,  the  drain  valve  should 
be  prevaited  from  getting  too  cold,  as  if  it  does  so  the  gas  will  come 
away  in  semi-solidified  form,  and  there  will  be  considerable  wastage. 
The  clearing  out  will  be  necessary  about  every  three  or  four  weeks,  and 
lasts  between  one  and  two  hours,  the  rise  of  efficiency  in  the  machine 
being  vwy  perceptible. 

In  charging  a  system,  it  is  always  desirable  to  pass  the  gas  from  the 
charging  cylinder  through  a  gas  drier,  so  as  to  thoroughly  cleanse  and 
extract  all  moisture  from  it.  This  drier  consists  of  a  vessel  fitted  with 
a  suitable  inlet  and  outlet  valve,  and  a  drain  or  purging  cock,  and 
charged  with  alternate  layers  of  chloride  of  calcium  and  cotton  wool. 

This  apparatus  can  be  also  used  for  the  cleansing  or  purification 
of  the  gas  already  in  the  system,  by  connecting  the  outlet  valve  on  the 
condenser  with  the  inlet  valve  on  the  drier,  closing  the  expansion  and 
condenser  outlet  valves,  and  disconnecting  the  pipe  between  them. 
Then  opening  the  outlet  from  the  condenser,  inlet  to  the  drier,  outlet, 
and  charging  valve  on  the  top  of  the  evaporator  or  refrigerator,  and 
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by  working  the  compressor  very  slowly  any  impurities  in  the  gas  will 
be  taken  up  by  the  calcium  and  cotton-wool  in  the  drier. 

Lubrication    of    Refrigerating    Machinery. 

This  important  point,  which  has  been  already  touched  upon  in  pre- 
vious portions  of  this  work,  is  apt  to  be  as  much  neglected  by  users  of 
refrigerating  machinery  as  it  is  by  users  of  other  types  of  machiner)*. 
It  will  be  well  for  these  gentlemen  to  at  once  dismiss  from  their  minds 
the  idea  that  low-priced  inferior  quality  oils  are  really  the  cheapest, 
and  understand  that  on  the  contrary'  not  only  are  high  grade  oils 
necessary  to  ensure  the  highest  efficiency  of  the  machinery,  but  that 
they  are  also  the  least  expensive  in  the  long  run. 

In  refrigerating  machinery  the  use  of  three  different  kinds  of  oil  is 
demanded,  viz. : — 

Oil  for  the  steam  cylinder :  Good  cylinder  oil  is  entirely  free  from 
grit,  does  not  gum  up  the  valves  and  cylinder,  and  does  not  evaporate 
rapidly  on  exposure  to  the  heat  of  the  steam.  The  quality  of  a  cylinder 
oil  is  demonstrated  on  removal  of  the  cylinder  head.  If  the  oil  is  of 
good  quality  the  wearing  surfaces  should  appear  well  coated  with 
lubricant,  which  will  not  show  a  gummy  deposit,  or  blacken  on  the 
application  of  clean  waste. 

Oil  for  general  use  on  all  the  bearings  and  wearing  surfaces  of  the 
machine  proper:  This  may  be  any  oil  that  will  not  gum,  is  not  too 
limpid,  possesses  a  good  body,  is  free  from  grit  and  acids,  is  of  good 
wearing  quality,  and  flows  freely  from  the  oil  cups  at  a  fine  adjustment 
without  a  tendency  to  clog.  For  the  larger  bearings  it  is  well  to  use  a 
heavier  grade  of  oil. 

Oil  for  use  in  compressor  pumps :  When  it  is  necessary  to  use  oil  in 
these  it  should  be  what  is  known  as  zero  oil,  or  cold  test  oil,  that  is  to  say, 
that  it  should  be  capable  of  withstanding  a  very  low  temperature,  with- 
out freezing,  and  it  should  be  the  best  quality.  American  makers 
recommend  the  use  of  the  best  paraffin  oil,  and  clear  West  Virginia 
crude  oil. 

TESTING. 

The  object  of  testing  a  refrigerating  plant  is  in  order  to  ascertain 
what  it  is  capable  of  performing  under  comparable  normal  conditions, 
and  as  regards  the  amount  of  refrigeration  produced  in  relation  to  the 
expenditure  of  work,  and  the  coal  consumption. 

To  determine  the  efficiency  of  an  installation  on  the  compression 
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system,  the  following  fittings  are  required,  viz.,  an  indicator,  so  that 
diagrams  can  be  taken  from  the  compressor;  stroke  counters,  to  enable 
the  number  of  strokes  made  by  the  steam-engine  and  brine  pumps  to 
be  ascertained ;  and  mercury  wells  to  admit  of  the  temperature  being 
obtained  at  various  points  throughout  the  system. 

In  making  a  test  it  is  desirable  that  it  should  last  at  the  very  least 
for  fully  twelve  hours,  and  it  is  better  to  carry  it  on  for  twenty-four 


Figs.  348  and   3ig. -Mer- 
F'S-    347.— Mercury  cury  Well  for  Vertical  Pipe. 

Well     for     Horizontal  Vertical  and  Horizontal  .See- 

f'ipe.   Vertical  Section.  tions. 

hours.  The  number  of  readings  which  it  is  desirable  should  be  taken 
from  the  various  instruments  will  vary  in  accordance  with  whether 
or  not  the  work  is  steady  or  otherwise,  and  the  person  carrying  out 
the  test  will  have,  of  course,  to  use  his  own  judgment  on  this 
head.  Where  artificial  ice  is  made,  for  example,  twice  an  hour  will  be 
sufficient,  whilst  on  the  other  hand,  four  or  more  readings  per  hour 
should  be  taken  in  cases  «'here  the  variation  in  the  temperature  of  the 
materials  to  be  cooled  is  wide.     Indicator  diagrams  should  be  taken 
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from  both  the  steam  engine  cylinder  and  the  compressor  cylinder  every 
two  hours. 

A  mercury  well,  for  a  horizontal  pipe,  when  the  latter  is  of  suffi- 
cient dimensions,  is  shown  in  Fig.  347.  It  consists  in  a  short  piece  of 
tubing  closed  at  its  lower  end,  and  fitted  into  the  pipe  by  means  of  a 
suitable  bushing.  It  is  filled  about  three  parts  full  of  mercury,  and 
the  thermometer,  which  should  have  an  elongated  cylindrical  bulb,  is 
held  in  position  therein  by  means  of  a  perforated  cork.  For  vertical 
pipes,  or  pipes  of  very  small  dimensions,  where  this  arrangement  would 
be  impracticable,  the  well  is  recommended  by  Mr.  Redwood  to  be 
formed  (as  shown  in  vertical  and  horizontal  section  in  Figs.  348  and 
349)  by  means  of  a  wooden  or  other  block,  one  side  of  which  is 
shaped  to  the  outline  of  the  pipe  to  which  it  is  to  be  applied,  and  has 
a  suitable  recess  formed  in  it.  This  block  is  firmly  secured  against  the 
pipe  by  metal  straps  in  such  a  manner  that  a  portion  of  the  wall  of  the 
well  will  be  formed  by  the  pipe,  the  latter  being  scraped  perfectly  clean 
at  that  part  The  joint  between  the  block  and  the  pipe  must  be  made 
perfectly  tight,  which  can  easily  be  effected  by  means  of  a  little  white 
lead  paint,  as  there  is  no  pressure,  and  the  whole  should  be  surrounded 
by  a  thick  layer  of  non-conducting  composition,  through  which  the 
stem  of  the  thermometer  is  permitted  to  project 

The  points  in  the  system  where  it  is  desirable  to  locate  the  mercury 
wells  are : — The  suction  pipe  just  at  its  connection  with  the  compres- 
sor ;  the  discharge  pipe,  as  close  as  ]X)ssible  to  its  connection  with  the 
compressor;  the  ammonia  discharge  pipe  from  the  condenser,  as  near 
the  latter  as  practicable.  Where  a  brine  circulation  is  employed.: — 
The  pipe  or  manifold  supplying  the  various  coils  or  sets  of  pipes  in  the 
refrigerator;  the  discharge  pipe  of  the  refrigerator;  the  brine  discharge 
pipe,  at  the  point  where  it  connects  to  the  refrigerator;  and  the  brine 
return  pipe  in  proximity  to  where  it  ccmnects  with  the  refrigerator. 

An  excess  condensing  pressure  is  invariably  found  in  ammonia  com- 
pression machines.  This  excess  of  the  actual  working  condensing  pres- 
sure over  the  theoretical  is  caused  by  the  ammonia  gas  being  impri- 
soned in  the  comparatively  confined  space  afforded  by  the  coils  or 
pipes  in  the  refrigerator,  and  the  excess  pressure  is  more  marked  in  a 
horizontal  compressor  running  at  a  high  speed  of,  say,  140  revolutions 
per  minute,  than  it  is  in  vertical  ones  having  only  a  low  speed  of  from 
35  to  60  revolutions  per  minute;  it  varies,  moreover,  in  almost  every 
make  of  compressor.  At  a  low  suction  pressure  of  about  15  lbs.  it 
should  not  be  more  than  10  lbs.,  but  with  a  suction  pressure  of,  say, 
27  or  28  lbs.  it  may  rise  to  50  lbs.,  or  even  mcnre. 
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The  condensing  pressure  affords  a  means  of  ascertaining  whether 
or  not  the  apparatus  contains  the  proper  full  charge  of  ammonia,  or  if 
the  losses  sustained  by  leakage  are  sufficient  to  render  it  necessary  to 
insert  an  additional  supply.  For  this  reason  it  is  advisable  for  the 
person  in  charge  to  keep  a  record  in  a  proper  book,  suitably  ruled  for 
the  purpose,  of  the  temperature  of  the  condensed  ammonia  when  leav- 
ing the  condenser,  and  also  of  the  condensing  and  suction  pressures, 
at  regular  intervals  of,  say,  three  hours.  This  will  enable  him  to  follow 
the  state  of  the  ammonia  charge ;  for  example,  if  the  condensing  pres- 
sure is  found  to  be  gradually  falling  during  a  three  months'  period,  as 
compared  with  the  average  condensing  pressure  of  the  previous  three 
months,  whilst  at  the  same  time  the  condensing  temperature  and  the 
suction  pressure  remain  constant,  it  will  be  evident  that  the  charge  of 
ammonia  has  become  reduced  by  leakage  to  a  sufficient  extent  to  re- 
quire replenishing.  This  reduction  in  the  condensing  pressure  is 
caused  by  the  diminution  in  the  charge  of  ammonia  giving  larger  con- 
denser space,  the  gas  having  thus  a  much  more  extended  worm,  coil,  or 
tube  space  wherein  to  condense  and  liquefy,  and  hence  the  decrease. 
As  a  general  rule  it  may  be  taken  that,  whenever  the  condensing  pres- 
sure is  found  to  have  fallen  about  8  lbs.,  enough  ammonia  to  restore 
the  original  condensing  pressure  should  be  inserted  into  the  machine. 

The  following  method  of  testing  the  capacity  of  a  refrigerating 
machine  is  given  by  Mr.  Constanz  Schmdtz  in  the  Kis  und  Kdlte 
Industrie : — 

"  In  testing  the  effective  capacity  and  the  consumption  of  power  of  a 
refrigerating  machine,  it  has  been  -hitherto  usual  to  take  the  amount  of 
heat  removed  per  hour,  and  the  power  consumed  in  indicated  horse- 
power. This,  however,  does  not  afford  a  satisfactory  basis  upon  which 
to  judge  of  the  relative  merits  of  machines  under  test.  If,  for  example, 
the  theoretical  capacity  of  any  particular  refrigerating  machine  be 
taken,  it  will  be  found  in  every  instance  that  this  capacity  will  not  be 
reached  in  practical  working." 

A  more  satisfactory  means  of  comparison  is  furnished  by  the  results 
obtained  from  a  large  number  of  caloric  production  and  power  con- 
sumption tests,  which,  however,  under  varying  working  conditions,  and 
for  different  sizes  of  the  machines,  will  not  be  found  to  correspond. 

To  avpid,  therefore,  possible  mistakes,  and  to  facilitate  the  work, 
the  caloric  production  and  the  consumption  of  power  should  be  reduced 
to    a    special    unit,  and  for  this  purpose  the    following    method    is 

proposed : — 

It  is  expressed  in  the  following  manner ; 
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1.  Specific  refrigerating  efficiency  =  Q  sp. 

That  number  of  calories  which  is  indicated  per  i  cubic  metre 
hourly  volume  of  stroke  of  the  compressor,  in  the  evaporator. 

2.  Specific  consumption  of  power  =  N  sp. 

That  number  of  horse-power  which  is  indicated  in  the  air  com- 
pressor for  10,000  calories  evaporator  i)roduction. 

Let  a  compressor  have,  for  instance,  the  following  dimensions : — 

Cylinder  diameter   ...         ...  d  =  250  millimetres. 

Piston  stroke  ...         ...  s  =  420  „ 

Piston  rod    ...         ...  ...  8  =    55  „ 

Number  of  revolutions  per 

minute      n  =    65 

Then  its  hourly  volume  of  stroke  is  : 

V  =  i5.n.s.9r.  (2d^— 8^)  =  156*920  cubic  metres  (and  since  1,000 
cubic  decimetres  =  i  cubic  metre,  also  1  litre  =  i  cubic  decimetre  we 
have  :  V  =  156,920  litres). 

Should  now  the  evaporator  productions  per  hour  be  found  by  Q  2  = 
63>75"  C^^-j  ^^1^  specific  refi-igerating  efficiency  of  the  machine  will  be  : 

O3750 

Q  sp.  =  — 7 —  =  406  Cal. 
156*92 

Should  at  the  same  time  during  the  caloric  trial  23*7  horse-power  be 
indicated  in  the  compressor,  then  the  specific  consumption  of  power 
will  amount  to  : 

_,  23*7    X    lOOOOO 

N  sp.  = ^^^ =  3*72  horse-power. 

If  then,  in  addition  to  this,  the  evaporator  temperature,  that  is  the 
mean  temperature  of  the  volatile  cold-producing  agent  or  medium,  and 
the  liquefaction  temperature  in  the  condenser  be  given,  four  figures 
afford  a  practical  demonstration  of  the  performance  of  the  machine  in 
question. 

On  the  basis  of  these  figures,  refrigerating  machines  may  be  con- 
veniently compared  as  regards  their  productive  capacity.  The  com- 
parison as  regards  the  specific  refrigerating  capacity  Q  sp.  is,  of  course, 
only  possible  directly  between  machines  constructed  to  operate  on  the 
same  system,  while  the  comparison  as  regards  the  specific  amount  of 
p^>wer  required  is  renderej  directly  possible  between  machines  con- 
structed to  operate  on  any  system. 
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Interpretation   of   Compressor  Diagrams. 

The  interpretation  of  a  compressor  diagram  with  respect  to  the 
working,  valves,  defects,  etc.,  of  the  latter  are  given  as  follows  by  Hans 
Lorenz,  in  "  Neuere  Kueklmaschinen,"  Muenchen  and  Leipzig,  1899. 

"  Assuming  all  the  parts  of  the  machine  to  be  in  good  order,  then  the 
diagram  will  have  the  general  appearance  shown  in  Fig.  350.     The  suc- 


V  i... 


Fig.  350. — Diagram  from  Com- 
pressor in  good  order. 


^jg-  35'' — Diagram  from  Com- 
pressor indicating  an  excessive 
amount  of  clearance. 


tion  line  s  is  only  slightly  below  the  suction  pressure  line  v,  and  the 
pressure  line  d  is  only  slightly  above  the  condenser  pressure  k.  Small 
projections  at  the  pressure  and  suction  line  indicate  the  work  required 
to  open  the  compressor  valves,  and  the  effect  of  clearance  is  shown 


Fig.  352.— Diagram  from  Com- 
pressor indicating  binding  of 
Pressure  Valve. 


Fig.  353.-  Diagram  from  Com- 
pressor indicating  too  great  a 
resistance  in  Pressure  and  Suction 
Pipes. 


by  the  curve  r,  which  latter  cuts  the  back  pressure  line  after  the  piston 
has  commenced  to  perform  its  return  or  back  stroke,  and  consequently 
reduces  the  suction  volume  to  that  amount.  It  can  also  be  seen  from 
this  diagram  that  the  vapours  are  taken  in  by  the  compressor,  not  at  the 
back  pressure,  but  at  what  may  be  called  the  suction  pressure,  which  is 
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somewhat  lower.  This  is  the  reason  that  the  compression  curve  c, 
does  not  intersect  the  back  pressure  line  until  after  the  piston  has 
changed  its  direction  of  movement  The  theoretical  volume  of  the 
compressor,  as  indicated  by  the  line  v,  is  consequently  reduced  in 
practical  working  for  vapours  possessing  a  certain  tension. 

In  Fig  351  is  shown  a  diagram  taken  from  a  compressor  having  an 


Fig.  354.  — Diagram  from  Com- 
pressor  indicating  binding  ol 
Suction  Valve. 


Fig.  ^55. — ^Diagram  from  Com- 
pressor mdicating  leaking  of  Com- 
pressor Valve. 


excessive  amount  of  clearance.  In  this  case,  it  will  be  seen,  the  back 
expansion  line  R  passes  through  a  fiat  course,  and  thereby  reduces  the 
useful  volume  of  the  compressor. 

Fig.  352  is  a  diagram  which  indicates  the  binding  of  the  pressure 
valve,  which  may  be  due  to  an  inclined  position  of  the  guide-rod  of  the 
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Fig.  356. — ^Diagram  from  Compressor  indicating  defective  packing  of  Piston. 

valve.  This  deficiency  also  frequently  causes  a  delay  in  the  opening  of 
the  pressure  valves,  a  state  of  things  indicated  by  a  too  great  projection 
in  the  pressure  line.  As  soon  as  the  valve  is  once  opened  the  pressure 
line  pursues  its  normal  course  until  the  piston  commences  its  return 
stroke,  when  the  defect  is  again  manifested  in  the  back  pressure  line, 
as  mentioned. 
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Fig.  353  shows  a  diagram  indicating  too  great  a  resistance  in  the 
pressure  and  suction  pipes  respectively,  when  the  valves  are  over- 
weighted. In  this  case  the  pressure  and  suction  lines  are  at  a  compara- 
tively great  distance  from  the  condenser  pressure  line  and  the  back 
pressure  line.  The  remedy  for  this  is  to  replace  the  valve  springs  by 
weaker  ones ;  and  should  there  be  then  no  marked  effect,  then  the  pipe 
lines  and  shutting-off  valves  should  be  inspected  and,  if  found  neces- 
sary, cleaned. 

Fig.  354  indicates  the  binding  of  the  suction  valve,  by  which  a 
considerable  decline  is  caused  in  the  pressure  at  the  beginning  of  the 
suction,  which  is  consequently  shown  by  an  increased  projection  in  the 
commencement  of  the  suction  line.  At  the  beginning  of  compression 
this  defect  makes  itself  felt  by  causing  a  delay  in  the  latter,  which 
effect  is  also  shown  on  this  diagram. 

Fig.  355  shows  leaking  of  the  compressor  valves.  In  this  diagram 
the  projections  in  the  compression  and  suction  line  do  not  appear,  but 
the  compression  line  gradually  merges  into  the  pressure  line,  and  the 
back  expansion  line  passes  gradually  into  the  suction  line.  If  the  leak 
in  the  pressure  valve  is  the  predominant  one,  then  the  compression 
curve  will  be  almost  in  a  straight  line  and  very  steep;  if,  on  the  con- 
trary, the  leak  in  the  suction  valve  is  the  predominant  one,  then  the 
compression  line  will  run  a  rather  flat  course. 

Fig.  356  indicates  that  the  piston  is  not  well  packed,  and  being 
leaky,  the  vapours  are  permitted  to  pass  from  one  side  of  the  piston 
to  the  other,  thus  causing  a  very  gradual  compression,  and  as  a  result 
a  compression  line  having  a  flat  course.  On  the  other  hand,  a  longer 
time  will  be  taken  before  the  suction  line  reaches  its  normal  level  on 
the  return  or  backward  stroke,  inasmuch  as  the  suction  valve  is  pre- 
vented from  opening  until  such  time  as  the  velocity  of  the  piston 
becomes  such,  that  the  amount  of  vapours  leaking  past  the  piston  is  in- 
suflScient  in  amount  to  fill  the  suction  space.  The  pressure  then 
gradually  diminishes  and  the  suction  valve  then  begins  to  act,  as  is 
shown  on  the  diagram. 

It  is  to  be  understood  that  several  of  the  defects  above-mentioned 

may  exist  at  the  same  time. 

Leaks  in  Ammonia  Apparatus. 

Leaks  are  readily  detected  by  the  smell  of  the  escaping  ammonia  gas 
when  the  machine  is  being  filled ;  at  a  later  stage,  when  working,  their 
detection  is  not  so  easy.    During  the  operation  of  the  machine,  when 
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the  liquor  or  brine  in  the  tanks  commences  to  smell  of  ammonia  it 
indicates  a  considerable  leakage.  It  is  recommended  to  test  the  liquor 
or  brine  periodically  with  Nessler's  solution  or  otherwise. 

Nessler's  reagent,  which  is  the  best  to  use  for  the  discovery  of 
traces  of  ammonia  in  water  or  brine,  consists  of  17  grms.  of  mercuric 
chloride  dissolved  in  about  300  cc.  of  distilled  water,  to  which  is  added 
35  grms.  potassium  iodide  dissolved  in  1 00  cc.  of  water,  and  constantly 
stirred  until  a  slight  permanent  red  precipitate  is  produced.  To  the 
solution  thus  formed  is  added  120  grms.  of  potassium  hydrate  dissolved 
in  about  200  cc.  of  water,  allowed  to  cool  before  mixing;  the  amount 
is  then  made  up  to  i  litre,  and  mercuric  chloride  added  imtil  a  per- 
manent precipitate  again  forms.  After  standing  for  a  sufficient  time, 
the  clear  solution  can  be  placed  in  glass-stoppered  blue  bottles  and  kept 
in  a  dark  place. 

If  a  few  drops  of  this  reagent  be  added  to  a  sample  of  the  sus- 
pected brine  or  water  in  a  test-tube,  or  other  small  vessel,  and  the 
slightest  trace  of  ammonia  is  present,  a  yellow  colouration  of  the  liquid 
will  take  place ;  a  large  quantity  of  ammonia  will  produce  a  dark-brown. 

When  the  leaks  are  comparatively  insignificant  they  can  be  closed  in 
the  usual  way,  by  solder,  using  as  a  flux  muriatic  or  hydrochloric  acid 
killed  with  zinc.  In  some  instances  electric  welding  may  be  resorted 
to  with  advantage,  or  the  leak  may  be  closed  by  means  of  a  c(>mix)sition 
of  litharge  and  glycerine  mixed  into  a  stiff  paste,  bound  with  sheet- 
rubber,  and  covered  with  sheet-iron  clampeJ  firmly  in  position.  When, 
however,  the  leak  is  at  all  serious,  it  is  usually  the  better  plan  to  at 
once  put  in  a  new  coil,  or  a  new  length  of  pipe. 

Leaks  in   Carbonic  Acid   Machines. 

To  detect  these,  smear  the  joints  with  a  solution  of  soap  and  water, 
and  any  leakage  of  gas  will  be  evidenced  by  the  formation  of  bubbles. 
Caibon  dioxide  or  carbonic  acid  being  a  completely  inodorous  gas, 
great  precautions  are  required  to  prevent  the  occurrence  of  leakage. 

MANAGEMENT    OF    COLD-AIR    MACHINES. 

The  proper  management  of  cold-air  machines  is  far  simpler  than 
that  of  those  working  on  other  principles,  the  exact  treatment  of  each 
particular  machine,  however,  varying  of  course  somewhat  with  the 
make.  In  all  machines,  however,  the  parts  most  liable  to  give  trouble 
are  the  valves,  and  these,  as  also  the  pistons  and  slide  valves,  should 
be  periodically  tested,  and  any  defect  promptly  remedied. 
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Determination  of  Moisture  in  Air. — (SiebeL) 

The  moisture  in  the  atmosphere  may  be  determined  by  a 
wet  bulb  thermometer,  which  is  an  ordinary  thermometer  the 
bulb  of  which  is  covered  with  muslin  kept  wet,  and  which  is 
exposed  to  the  air,  the  moisture  of  which  is  to  be  ascertained.  Owing 
to  the  evaporation  of  the  water  on  the  muslin  the  thermometer  will 
shortly  acquire  a  stationary  temperature  which  is  always  lower  than 
that  of  the  surrounding  air  (except  when  the  latter  is  actually  saturated 
with  moisture).  If /is  the  temperature  of  the  atmosphere,  and  t^  the 
temperature  of  the  wet  bulb  thermometer  in  degrees  Celsius,  the 
tension  e,  of  the  aqueous  vapour  in  the  atmosphere  is  found  by  the 
formula — 

<?  =  <?^  —  0*00077  (/  —  /*)  h, 

e^  being  the  maximum  tension  of  aqueous  vapour  for  the  temperature  /* 
as  found  in  table,  and  //  the  barometric  height  in  millimetres. 

If  e^  is  the  maximum  tension  of  aqueous  vapour  for  the  temperature 
/,  the  degree  of  saturation  H,  is  expressed  by — 

H  =  ^ 

and  the  dew  point  is  also  readily  found  in  the  same  table,  it  being  the 
temperature  corresponding  to  the  tension  e. 


Psychrometers. 

Instead  of  the  wet  bulb  thermometer  alone  it  is  more  convenient  to 
use  two  exact  thermometers  combined  (one  with  a  wet  bulb  and  the 
other  with  a  dry  bulb,  to  give  the  temperature  of  the  air),  to  determine 
the  hygrometric  condition  of  the  atmosphere,  or  of  the  air  in  a  room. 
Instruments  on  this  principle  can  be  readily  bought,  and  are  called 
psychrometers.  If  they  are  arranged  with  a  handle,  so  that  they  can 
be  whirled  around,  they  are  called  "  sling  psychrometers."  These 
permit  a  quicker  correct  reading  of  the  wet  bulb  thermometer  than  the 
plain  psychrometer,  in  which  the  thermometers  are  stationary  and  are 
impracticable  at  a  temperature  below  32°  Fahr,,  while  the  sling 
instrument  can  be  read  down  to  27°  Fahr. 
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The  hygrometer  of  Marvin  is  a  sling  psychrometer  of  improved  con- 
struction. 
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Hygrometers. 

While  the  tenn  hygrometer  applies  to  all  instruments  calculated  to 
ascertain  the  amount  of  moisture  in  the  air,  it  is  specifically  used  to 
designate  instruments  on  which  the  degree  of  humidity  can  be  read  off 
directly  on  a  scale  without  calculation  and  table.  Their  operation  is 
based  on  the  change  of  the  length  of  a  hair,  or  similar  hygroscopic  sub- 
stance, under  different  conditions  of  humidity. 

Table  giving  weights  of  aqueous  vapour  held  in  suspension  by  100 
lbs.  of  pure  dry  air  when  saturated,  at  different  temperatures,  and  under 
the  ordinary  atmospheric  pressure  of  29*9  in.  of  mercury. — Box  and 
Lighifoot, 


Temper- 

Weight of 

ature. 

vapoui. 

Fahr. 

degs. 

lbs. 

—  20 

00350 

—  10 

0-05 7d 
0*0918 

0 

+  »o 

0*1418 

20 

0*2265 

32 

0*379 

4- 

0*561 

52   , 

0-819 

62 

1*179 

72 

i-68o 

89 

2*361 

92 

3*289 

Temper' 
ature. 


Fahr. 
deg:«. 

102 
112 
122 

'32 

142 

152 
162 

172 
182 
192 
202 
212 


Weight  of 
vapour. 


lbs. 

4*547 
0253 

8584 
11*771 
16*170 
22*465 

3»7«3 

46-358 
71*300 

122*643 

280*230 

Infinite 


N.B. — The  weight  in  lbs.  of  the  vapour  mixed  with  100  lbs.  of  pure 
air  at  any  given  temperature  and  pressure  is  given  by  the  tormula — 

62*3  E        29*9 
29-9— E  ^    p 

Where  E  =  elastic  force  of  the  vapour  at  the  given  temperature,  in 

inches  of  mercury  (to  be  taken  from  Tables). 
p  =  absolute  pressure  in  inches  of  mercury. 
=  29*9  for  ordinary  atmospheric  pressure. 

Electrical  Temperature  Tell-Tales  and  Long  Distance 

Thermometers. 

At  the  West  Smithfield  Cold  Meat  Stores  a  system  of  dectric  tem- 
perature tell-tales,  designed  by  Mr.  C.  E.  Vernon,  were  put  in  in  1896. 
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These  electrical  thermometers  were  on  the  multiple-wire  system.  Six 
wires,  in  conjunction  with  a  Bregnet  spring  or  compound  coil  of  hard 
brass  and  steel  connected  by  a  suitable  link  to  an  index  hand  or  pointer, 
were  required  for  a  range  of  ii°  Fahr.  with  six  points  of  contact  with 
the  instrument  in  the  chamber,  and  a  six-drop  indicator  in  the  engine 
room.  Eleven  wires  were  required  for  a  range  of  20''  Fahr.,  and  it  is 
evident  that  for  a  wide  range  the  multiplicity  of  wires  would  form  a 
serious  objection. 

On  the  three-wire  system  the  same  compound  coil  of  hard  brass 
and  steel  was  used.  Instead,  however,  of  a  connecting  link  and  movable 
hand  or  pointer,  the  loose  end  of  the  coil  had  attached  to  it  at  a  given 
distance  from  an  electromagnet  a  small  bar  of  iron,  and  by  reason  of  the 
unequal  expansion  and  contraction  of  the  two  metals,  the  distance 
between  the  bar  and  the  magnet  will  vary  in  accordance  with  the  tem- 
perature, and  the  amount  of  current  required  to  draw  down  the  bar  to 
the  magnet  will  be  measured  by  the  ampere-metre.  The  construction 
of  this  latter  is  such  that  on  the  bar  touching  the  magnet  a  second 
circuit  would  be  completed  and  the  hand  of  the  ampere-metre  stopped 
at  a  given  point  The  ampere-metre  is  calebrated  and  marked  off  into 
degrees  Fahrenheit,  and  a  wide  range  in  temperature  is  obtainable  with 
only  three  wires,  readable  at  any  distance,  and  accurate  to  within  a 
degree. 

A  long  distance  thermometer  which  has  been  -extensively  used  in 
Cold  Stores  is  that  devised  by  Mr.  A.  P.  Trotter.  In  tWs  instrument  a 
blind  stem  is  placed  alongside  of  the  elongated  capillary  stem,  the  former 
having  at  its  further  end  a  scale-tube  corresponding  exactly  to  that  of 
the  main  thermometer.  The  action  of  this  is  that  whatever  variation 
in  reading  was  produced  by  the  varying  temperatures  passed  through  by 
the  elongated  capillar}'  stem,  the  blind  stem  suffered  like  alterations  of 
temperature,  and  a  shifting  scale  adjusted  by  a  thumb-screw  was  in  this 
manner  established  by  means  of  which  the  fluctuations  of  the  main 
instrument  were  accurately  compensated  for. 

Thermographs. 

The  thermograph  or  registering  thermometer  is  a  very  useful  instru- 
ment which  enables  a  record  to  be  kept  of  the  exact  temperature  of  a 
cold  store.  On  an  ordinary  pattern  of  instrument  the  record  paper  or 
card  is  secured  round  a  drum  or  cylindrically-shaped  body,  so  arranged 
that  it  will  be  slowly  rotated  by  a  train  of  clock-work,  which  takes  two 
weeks  to  run  down,  performing  in  this  space  of  time  one  complete 
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revolution.  The  diameter  of  the  drum  is  3^  inches,  and  the  record 
fits  it  accurately,  the  ends  butting. 

Upon  this  record  card  or  paper  there  rests  gently  a  slof>ed  pen  hold- 
ing about  a  drop  of  ink,  this  pen  being  suspended  on  a  slender  arm 
attached  to  the  base  of  the  instrument,  and  the  machanism  being  of 
such  a  nature  that  the  slightest  rise  or  fall  of  temi>erature  will  afiFect  it, 
and  will  raise  or  lower  the  pen  resting  against  the  record  paper  or  card 
upon  the  drum  or  cylinder.  ^ 

The  ink  line  will  start  from  the  top  and  thus  indicate  when  the 
instrument  was  placed  in  the  cold  store  or  room,  and  the  temperature 
will  fall  very  rapidly  at  first  and  afterwards  more  gradually  approximate 
itself  to  that  of  the  store. 

The  record  paper  or  card  is  ruled  with  horizontal  lines  showing  the 
temperature  in  degrees,  and  with  vertical  lines  showing  the  days  for  a 
period  of  two  weeks,  each  day  being  divided  into  six  watches  of  four 
hours  each,  viz.,  midnight,  4  and  8  a.m.,  noon,  4  and  8  p.m.,  and  mid- 
night again.  At  the  termination  of  every  two  weeks,  the  record  paper 
or  card,  now  forming  a  thermograph  chart,  must  be  removed,  the  clock- 
work of  the  instrument  be  re-wound,  and  a  new  record  paper  or  card 
placed  in  position  on  the  drum  or  cylinder. 


Correct   Relative   Humidity   for  a  given   Temperature  in 

Egg   Rooms. — {Madiso?i   Cooper.) 


temperature  in 

relative  humidity 

degrees  fahr. 

per  cent. 

28    ' 

80 

29 

78 

30 

76 

31 

74 

32 

71 

33 

69 

34 

67 

35 

65 

36 

62 

37 

60 

38 

5? 

39 

56 

40 

53 

K   K 
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Specific  Heat  and  Composition  of  Victuals. 


1 

Specific 

Specific 

Lateot 

Water. 

Solids. 

Heat  above 

Heat  below 

Heat  of 

Freczine 

Freezing 

Freezing 

Gale. 

Calc. 

Calc. 

Lean  beef   . . 

72*00 

28-00 

"  /  / 

0-41 

102 

Fat  beef      . . 

JjI-OO 

49-00 

0-60 

0-34 

72 

Veal 

6300 

3700 

070 

0-39 

90 

Fat  pork     .. 

39-00 

61-00 

0-51 

0-30 

55 

tggs 

70-00 

3000 

0-76 

0-40 

100 

Potatoes 

74-00 

26-00 

080 

0-42 

105 

Cabbages    . . 

91  00 

900 

0-93 

0-48 

129 

Carrots 

83-00 

17-00 

0-87 

0-45 

118 

Cream 

59-25 

30-75 

0-68 

038 

84 

Milk 

87-50 

1250 

0-90 

0-47 

124 

Oysters 

8038 

19-62 

084 

0-44 

114 

White  fish  .. 

78-00 

22-00 

0-82 

0-43 

III 

Eels 

62-07 

37*93 

0-69 

038 

88 

Lobsters 

76-62 

2338 

o-8i 

0-42 

108 

Pigeons 

72-40 

2760 

0-78 

0-41 

Poultry        , , 

7370 

26-30 

o-8o 

i 

0-42 

CHAPTER  XX. 
COST  OF  WORKING. 

Main  Items  of  Expense. — Absorption  Machines.- Compression  Machines. — Vacuum 
Machines. —Cold -Air  Machines. — Cost  of  Ice-Making. 

The  cost  of  producing  cold  with  any  of  the  hereinbefore-described 
machines  must  of  necessity  vary  in  different  localities  in  accordance 
with  the  prices  of  material  and  labour,  and  even  in  the  same  district 
with  the  fluctuations  in  the  market,  consequently  any  estimates  made 
thereof  can  only  apply  to  the  particular  case  in  point,  and  in  others 
can  be  taken  as  approximate  only. 

The  main  items  of  expense  in  the  production  of  cold  by  artificial 
means,  are  fuel  and  skilled  and  other  labour  for  operating  the 
machinery,  and  in  the  manufacture  of  ice,  for  handling  the  latter.  The 
degree  of  economy  of  working  to  which  the  apparatus  has  been 
brought,  and  the  point  to  which  the  operation  thereof  has  been 
rendered  automatic,  will  naturally  tend  to  minimise  the  cost  of 
the  production  of  cold  and  of  ice^making,  and  the  latter  will  also  vary 
inversely  with  the  power  of  the  machine,  as  the  consumption  of  fuel 
and  the  number  of  attendants  necessary  to  work  the  machinery  do  not 
increase  in  a  ratio  corresponding  to  the  size  thereof,  and  consequently 
those  having  the  larger  outputs  require  proportionately  fewer  opera- 
tives. The  saving,  moreover,  under  this  latter  head  is  the  greatest  in 
the  more  expensive  skilled  labour.  For  instance,  an  ammonia  machine 
on  either  the  absorption  or  compression  principle,  with  a  capacity  of 
I  ton  of  ice  per  twenty-four  hours,  requires  the  services  of  two  engine- 
drivers  and  two  labourers;  whilst  the  same  number  of  attendants  can 
likewise  work  a  2  or  a  5-ton  machine,  and  the  addition  of  a  single 
labourer  will  be  sufficient  for  either  a  7J^,  10,  or  12-ton  machine,  and 
of  three  labourers  for  a  28-ton  machine.  The  same  skilled  atten- 
dants are  sufficient  for  a  machine  having  an  output  of  50  tons  per 
twenty-four  hours. 

According  to  calculations  made  by  Mr.  F.  Colyer,  M.Inst.C.E.,  in 
1884,  from  observations  of  the  working  of  a  Pontif ex-Wood  ammonia 
absorption  machine  of  a  capacity  of  20  tons  of  can  ice  per  twenty-four 
hours,  the  cost  of  making  ice,  taking  coals  at  London  price,  was  4s.  pd. 
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per  ton.  If,  however,  two  machines  were  used  the  price  would  be 
reduced  to  3s.  5d.  per  ton,  and  with  coals  at  Glasgow  price  the  cost 
would  be  further  lowered,  and  would  stand  respectively  at  3s.  yd.  and 
2S.  lod. 

The  cost  of  cooling  water  10°  by  the  same  machine  he  estimated 
to  be  -15  of  a  penny  per  barrel  cooled. 

The  calculations  from  which  these  figures  were  deduced  include 
the  cost  (rf  labour,  coals,  water,  oil  and  sundries,  repairs,  loss  of  am- 
monia, 5  per  cent,  interest  on  capital  invested,  and  an  allowance  of  4 
per  cent,  for  depreciation. 

The  cost  of  producing  clear  block  ice  in  this  countr)'  with  an  am- 
monia machine  working  on  the  absorption  principle  is  given  at  a  some- 
what higher  figure*  by  Mr.  Lightfoot,  viz.,  for  a  machine  of  15  tons 
capacity  i>er  twenty-four  hours  about  4s.  per  ton,  and  this  estimate, 
moreover,  is  made  on  the  assumption  that  good  coals  can  be  obtained 
at  15s.  per  ton,  and  is  exclusive  of  any  allowance  for  repairs  and 
depreciation. 

The  cost  of  producing  ice  with  a  Pontifex-Wood  improved  ammonia 
absorption  machine,  is  stated  by  the  makers  to  be,  for  a  machine  having 
a  capacit)  of  24  tons  per  twenty-four  hours,  allowing  for  labour,  coals, 
oil,  chemicals,  and  water  (taking  coals  at  los.  a  ton  and  water  at  6d. 
per  1,000  gallons),  2s.  o.)i(d.  per  ton.  With  coals  at  20s.  a  ton  it  rises, 
however,  to  2s.  loj^d.  per  ton.  For  a  machine  with  a  capacity  of  15 
tons  per  twenty-four  hours,  it  is  respectively,  with  coals  at  the  above 
prices,  2s.  7^d.  and  3s.  y^d.  per  ton.  For  a  machine  with  a  capacity 
of  9  tons  per  twenty-four  hours,  3s.  4d.  and  4s.  5j4d.  per  ton.  For  a 
machine  with  a  capacity  of  6  tons  per  twenty-four  hours,  4s.  5  J4d.  and 
5s.  8d.  per  ton.  And  for  a  machine  with  a  capacity  of  4  tons  per 
twenty-four  hours,  5s.  and  6s.  3d.  per  ton. 

According  to  Mr.  Lightfoott  the  action  of,  and  losses  experienced 
in  working  an  ammonia  absorption  machine  are  as  follows  : — 

"  Assuming  the  action  of  the  economiser  to  be  perfect — which,  of 
course,  is  a  condition  never  met  with  in  practice — all  the  heat  given  out 
by  the  steam  in  the  generator-coils  would  be  found  in  the  water  issuing 
from  the  condenser,  less  that  portion  directly  lost  by  radiation  and  con- 
duction. In  this  case  the  total  heat  expended  would  be  that  required 
to  vaporise  the  ammonia,  and  the  water,  which,  in  the  form  of  steam, 
unavoidably  passes  off  with  the  ammonia  to  the  rectifier  and  condenser : 
plus  the  heat  lost  by  radiation  and  conduction.     In  the  refrigerator 

♦  "  Proceedings,  Institution  of  Mechanical  Engineers,"  1886,  p.  221. 

+  "  Proceedings,  Institution  of  Mechanical  Engineers,'*  1886,  pp.  220,  221. 
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the  liquid  ammonia  in  becoming  vaporised  will  take  up  the  precise 
quantity  of  heat  that  was  given  off  during  its  cooling  and  liquefaction 
in  the  condenser,  less  the  amount  due  to  difference  in  pressure,  and  less 
also  the  small  amount  due  to  the  difference  in  temperature  between  the 
vapour  entering  the  condenser  and  that  leaving  the  refrigerator.     Again, 
when  the  vapour  enters  into  solution  with  the  weak  liquor  in  the 
absorber,  the  heat  taken  up  in  the  refrigerator  is  given  to  the  cooling 
water,  subject  to  slight  corrections  for  differences  of  pressure  and  of 
temperature.    Supposing  there  were  no  losses  therefore,  the  heat  given 
up  by  the  steam  in  the  generator,  plus  that  taken  up  by  the  ammonia  in 
the  refrigerator,  would  be  precisely  equal  to  the  amount  taken  off  by 
the  cooHng  water  from  the.  condenser,  plus  that  taken  off  from  the 
absorber.     The  sources  of  loss  are:  inefficiency  of  the  economiser; 
radiation  and  conduction  from  all  vessels  and  pipes  that  are  above 
normal  temperature;  useless  evaporation  of  water  which  passes  into 
the  rectifier  and  condenser;  conduction  of  heat  into  all  vessels  and 
pipes  that  are  below  normal  temperature;  water  passing  into  the  re- 
frigerator along  with  the  liquid  ammonia, 

"  It  will  have  been  seen  that  the  heat  demanded  from  the  steam  is 
very  much  greater  in  the  absorption  system  than  in  the  compression. 
This  is  chiefly  due  to  the  fact  that  in  the  absorption  system  the  heat 
of  vaporisation  acquired  in  the  refrigerator  is  rejected  in  the  absorber; 
so  that  the  whole  heat  of  vaporisation  required  to  produce  the  ammonia 
vapour  prior  to  condensation,  has  to  be  supplied  by  the  steam.     In 
the  compression  system  the  vapour  passes  direct  from  the  refrigerator 
to  the  pump,  and  power  has  to  be  expended  merely  in  raising  the 
pressure  and  temperature  to  a  sufficient  degree  for  enabling  liquefac- 
tion to  occur  at  ordinary  temperatures.     On  the  other  hand,  a  great 
advantage  is  gained  in  the  absorption  machine  by  using  the  direct 
heat  of  the  steam  without  first  converting  it  into  mechanical  work; 
for  in  this  way  its  latent  heat  of  vaporisation  can  be  utilised  by  con- 
densing the  steam  in  the  coils,  and  letting  it  escape  in  the  form  of 
water.     Each  lb.  of  steam  passed  through  can  thus  be  made  to  give 
up  some  950  units  of  heat;  while  in  the  steam  engine  using  2  lbs.  of 
coal  per  indicated  horse-power  per  hour,  about  160  units  only  are 
utilised  per  lb.  of  steam,  without  allowance  for  mechanical  inefficiency. 
In  the  absorption  machine  also  the  cooling  water  has  to  take  up  about 
twice  as   much   heat   as  in   the  compression   system,   owing   to   the 
ammonia  being  twice  liquefied,  namely,  once  in  the  condenser  and 
once  in  the  absorber.     It  is  usual  to  pass  the  condensing  water  first 
through  the  condenser  and  then  through  the  absorber." 
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The  cost  of  ice-production  with  machines  of  the  ammonia  com- 
pression type  is  somewhat  less  on  the  whole  than  with  those  working  on 
the  absorption  principle. 

The  estimate  given  by  the  Pulsometer  Engineering  Company  as  the 
approximate  amount  per  ton  of  clear  or  crystal  ice  is,  cost  of  coals,  is., 
all  labour,  including  that  of  getting  the  ice  out  of  the  tanks,  is.  3d., 
and  cost  of  ammonia  lost  through  leakage,  etc.,  }^^.  per  ton  of  ice 
made,  or  a  total  cost  of  2s.  3j^d.  per  ton.  If  an  allowance  of,  say, 
lod.  per  ton  be  added  to  this  for  interest  and  depreciation,  repairs  to 
machinery,  cost  of  water  supply  and  sundries,  this  would  increase  the 
cost  of  production  to  about  3s.  2d.  per  ton. 

Mr.  Lightfoot  states*  that  one  ton  of  coal  is  capable  of  producing 
as  much  as  12  tons  of  ice  in  well-constructed  ammonia  compression 
apparatus,  having  a  capacity  of  15  tons  per  twenty-four  hours;  and 
with  coals  at  15s.  a  ton,  he  estimates  the  cost  of  making  ice  by  the 
ammonia  compression  system  at  about  3s.  pd.  per  ton  for  a  pro- 
duction of  15  tons  per  twenty-four  hours,  exclusive,  however,  of  any 
allowance  for  repairs  and  depreciation. 

The  estimate  given  for  the  total  cost  of  ice  per  ton,  made  by  a  Frick 
ammonia  compression  machine,  is,  for  a  daily  production  of  15  tons, 
5s.  2d.  per  ton  of  ice.  This  calculation,  however,  is  got  out  at  the 
much  higher  rate  of  wages  paid  in  America,  and  if  due  allowance  be 
made  for  this,  and  also  for  the  falling  off  in  efficiency  of  the  machine, 
due  to  the  greater  heat  of  the  climate  in  summer,  the  cost  per  ton 
in  this  country  would  probably  be  something  under  4s.  If  the  capacity 
of  the  machine  be  100  tons  of  ice  per  day,  the  cost  per  ton  falls  to 
3s.  II d.,  or  allowing  for  the  larger  item  for  labour,  about  2s.  lod.  here. 

In  an  ether  compression  machine  Mr.  Lightfoot  accounts  for  the 
work  as  followst : — Friction.  Heat  rejected  during  compression. 
Heat  acquired  by  the  refrigerating  agent  in  passing  through  the  pump. 
Work  expended  in  discharging  the  compressed  vapour  from  the  pump. 
Against  this  he  sets  the  work  done  by  the  vapour  in  entering  the  pump. 
Assuming  that  vapour  alone  enters  the  pump,  the  heat  rejected  in  the 
condenser  he  states  to  be : — Heat  of  vaporisation  acquired  in  the  refri- 
gerator, with  the  correction  necessary  for  difference  in  pressure.  And 
the  heat  acquired  in  the  pump,  less  the  amount  due  to  the  difference 
between  the  temperature  at  which  liquefaction  occurs,  and  that  at 
which  the  vapour  entered  the  pump,  and  less  also  the  amount  lost  by 
radiation  and  conduction  between  the  pump  and  the  condenser. 

*  "  Proceedings,  Institution  of  Mechanical  Engineers,"  1886,  p.  221. 
t  **  Proceedings,  Institution  of  Mechanical  Engineers,"  1886,  p.  214. 
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The  mechanical  work  expended  in  compressing  ammonia  is  to  be 
accounted  for  in  a  precisely  similar  manner  to  that  expended  in  the 
compression  of  ether. 

Notwithstanding,  however,  that  the  degree  of  compression  is  so 
much  greater  with  ammonia  than  with  ether,  the  energy  expended  in 
the  compression,  heating,  and  delivering  of  the  gas  is  less,  owing  to  the 
much  smaller  weight  of  ammonia  required  to  produce  a  given  refrigerat- 
ing effect,  the  weights  being  in  the  reverse  ratio  of  the  heats  of  vapor- 
isation, or  as  I  to  5-45.  For  this  reason  the  cost  of  making  ice  with 
ether  is  far  higher  than  with  ammonia,  and  assuming  the  coal  consump 
tion  per  indicated  horse-power  to  be  2  lb.  per  hour,  and  the  price  of 
coals  15s.  a  ton,  the  total  cost  of  producing  transparent  block 
ice  in  this  country  on  the  ether  system  would  be  about  5s.  per  ton,  ex- 
clusive of  any  allowance  for  repairs  and  depreciation.  The  production 
of  ice  would  be  about  8*3  tons  per  ton  of  coal  consumed. 

On  the  other  hand,  however,  as  already  mentioned,  ether  machines, 
by  reason  of  their  low  working  pressures  in  the  condensers,  offer  con- 
siderable advantages  in  hot  climates,  especially  in  the  case  of  machines 
with  small  outputs. 

The  expense  of  producing  ice  with  the  Tellier  and  Pictet  machines 
is  about  the  same.  The  results  obtained  with  Pictet's  special  liquid 
(combination  of  carbon  dioxide  and  sulphur  dioxide)  is  stated  to  equal 
a  production  of  35  tons  of  ice  per  ton  of  coal,  but  this  is  in  all  pro- 
bability far  in  excess  of  any  result  obtained  in  actual  working. 

It  will  be  obvious  that  the  arrangement  made  for  the  use  of  any 
particular  machine  acting  on  the  principle  of  the  abstraction  of  heat 
by  the  evaporation  of  a  separate  refrigerating  agent  of  a  more  or  less 
volatile  nature,  must  have  a  very  considerable  effect  upon  its  economi- 
cal working,  and  it  is  doubtless  owing  to  the  superiority  of  the  fixing 
and  numipulation  of  the  installation  that  so  much  better  results  are  occa- 
sionally obtained  in  one  case  than  in  another,  as,  these  things  being 
equal,  all  first-rate  machines  of  this  class  are  about  the  same  in  point 
of  economy.  In  relation  to  this  it  must  also  be  borne  in  mind  that  the 
thickness  of  the  blocks  of  ice  that  are  being  made  exercises  an  impor- 
tant influence  upon  the  time  occupied  in  their  production,  for  whereas 
a  block  3  in.  thick  can  be  frozen  in  eight  hours,  a  block  9  in.  in  thick- 
ness will  require  thirty-six  hours.  The  time  varying  also,  of  course, 
more  or  less  with  the  temperature  of  the  brine. 

The  cost  of  making  a  ton  of  opaque  and  porous  ice  with  a  vacuum 
machine  such  as  the  Windhausen  is  estimated*  by  Dr.  Hopkinson  at  4s. 

♦  "  Journal  of  the  Society  of  Arts,"  1882,  vol.  xxi.,  p.  20. 
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The  amount  of  water  required  (including  that  used  for  cooling  pur- 
poses) is  stated*  by  Mr.  Pieper  to  be  irom  lo  to  12  tons  per  ton  of 
ice  produced,  and  the  fuel  consumption  i  ton  of  coal  for  every  12  tons 
of  ice.  The  fuel  is  required  for  the  generation  of  steam  to  drive  the 
vacuum  pump,  and  the  air  pump,  of  the  concentrator.  The  total  heat 
which  must  be  abstracted  to  produce  a  ton  of  ice  from  a  ton  of  water  at 
a  temperature  of  60°  Fahr.  is  382,144  units.  The  Windhausen 
machine  is  heavy,  and  takes  up  a  considerable  floor  space,  and  the 
necessary  outlay  for  keeping  it  in  an  efficient  state  of  repair,  even  under 
the  most  favourable  circumstances^  must  be  high. 

The  cost  of  making  opaque  ice  by  means  of  the  Harrison  (1878) 
patent  vacuum  apparatus  would  undoubtedly  be  lower  than  with  the 
Windhausen  machine,  as  the  larger  part  of  the  friction,  which  forms  a 
very  considerable  item  of  the  loss  in  the  latter,  is  got  rid  of,  and  a 
corresponding  saving  of  fuel  is  thus  effected.  The  expenditure  of  fuel 
for  concentrating  the  acid  is  also  entirely  eliminated,  much  less  water 
is  required  for  cooling  purposes,  and  the  first  cost  and  subsequent  out- 
lay for  repairs,  etc.,  are  likewise  much  less.  It  is  stated  that  the  in- 
ventor expected  to  be  able  to  produce  opaque  ice  on  a  large  scale  at  a 
cost  of  about  IS.  per  ton. 

The  outlay  per  ton  of  ice  made  on  the  system  of  abstracting  the 
heat  by  the  rapid  melting  or  liquefaction  of  a  solid  is  the  greatest,  and 
so  much  so  that  for  producing  ice  on  a  commercial  scale  in  this  climate 
it  is  completely  out  of  the  running.  The  cost  of  making  15  tons  of  ice 
per  twenty-four  hours,  with  an  apparatus  working  on  a  substantially 
similar  principle  to  that  of  Sir  William  Siemens',  is  stated  to  be  7s.  per 
ton  with  good  coals  at  15s.  a  ton,  and  not  making  any  allowance 
whatever  for  depreciation,  interest,  repairs,  etc. 

This  estimate,  moreover,  is  based  upon  the  erroneous  assumption 
that  I  lb.  of  coal  is  capable  of  evaporating  20  lbs.  of  water,  and  it  is 
undoubtedly  far  too  low.     According  to  Mr.  Lightfoott : — 

"  Nearly  the  whole  of  the  coal  is  used  for  evaporating  the  water  in 
recovering  the  salt,  the  quantity  being  given  at  2j4  tons  of  coal  for 
every  15  tons  of  ice.  If,  however,  this  has  been  calculated  on  an  eva- 
porative duty  of  20  lbs.  of  water  per  lb.  of  coal,  the  amount  actually 
used  will  probably  be  about  5  tons  of  coal,  which  would  make  the  cost 
per  ton  of  ice  9s.  3d.  instead  of  7s.  On  the  other  hand,  it  must  be 
remembered  that  under  certain  climatic  conditions  much  of  the  water 
could  be  evaporated  in  the  open  air,  without  the  use  of  fuel,  in  which 

♦  "Transactions  of  the  Society  of  Engineers,'*  1882,  p.  145. 

t  "  Proceedings,  Institution  01  Mechanical  Engineers,"  1886,  p.  204. 
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case  the  coal  consumption,  and  therefore  the  cost  of  ice  production, 
would  be  greatly  lessened." 

As  regards  the  capacity,  etc.,  of  cold-air  machines,  those  of  the 
Haslam  type  vary  from  an  ice  equivalent  of  one-third  of  a  ton,  requir- 
ing 4  indicated  horse-power  at  average  speed,  or  9  indicated 
horse-power  at  maximum  speed,  and  delivering  2,000  cubic  ft. 
per  hour  (capacity  of  compressor  in  cubic  ft.  per  hour,  2,500), 
up  to  an  ice  equivalent  of  60  tons,  requiring  460  indicated  horse-power 
at  average  speed,  or  566  indicated  horse-power  at  maximum  speed,  and 
delivering  300,000  cubic  ft  of  air  per  hour  (capacity  of  compressor  in 
cubic  ft.  per  hour  353,000).  This  latter  machine  is  of  the  quadruple 
duplex  condensing  type. 

It  has  been  stated*  by  Mr.  Lightfoot  that  with  the  best  machines 
of  large  size  then  (1886)  made,  a  weight  of  1,000  lbs.  of  air  per  hour 
could  be  reduced  from  60°  above  to  80°  below  zero,  the  cooling  water 
being  at  60°  Fahr.,  with  an  expenditure  of  about  18  indicated  horse- 
power. That  is  to  say,  that  an  abstraction  of  916  units  of  heat  is 
effected  to  each  pound  of  coal  used,  with  an  engine  consuming  2  lbs. 
of  coal  per  indicated  horse-power  per  hour. 

The  results  of  later  test  experiments  made  with  Messrs.  F.  and  W. 
Cole's  "  Arctic  "  dry  cold-air  machines  will  be  found  on  page  219. 

For  Haslam's  formula  to  enable  the  amount  of  air  delivered  by  a 
cold-air  machine  per  hour  to  be  ascertained,  the  revolutions,  and 
size  of  the  compressor  being  known,  see  page  549. 

The  following  tables,  giving  the  approximate  cost  of  ice-making  in 
the  United  States,  are  respectively  by  the  Frick  Company  and  the 
Triumph  Ice  Machine  Company : — 

♦  *'  Proceedings,  Institution  of  Mechanical  Engineers,"  1886,  p.  230. 


5o6 


REFRIGERATION  AND  COLD  STORAGE. 


'  u 

t/) 

o 

CO 

o 

n 

? 

o- 

o 

•o 

PO 

c 

t^ 

»o 

p« 

M 

•/> 

OC 

»/% 

n 

"• 

X 

00 

■s. 

»^ 

o 

^ 

o 

« 

CO 

t'- 

z 

M 

•• 

— 

— 

•w 

& 

Ji 

8 

o 

s* 

8 

£ 

o 

ff« 

8 

o 

8 

iO 

O 

4*1 

;r 

fcO 

»•» 

ff" 

f« 

O 

ao 

p« 

ff« 

ff« 

O 

ac 

-*- 

3 

u 

Oas 

V 

o 

^«!» 

O 

o 

o 

8 

8 

O 

o 

»o 

1 . 

8 

•o 

PI 

<>• 

8 

PO 

8 

**• 

C^X 

I'g 

c 

8 

S' 

O 

8 

s 

»0 

P« 

o 

9% 

<>• 

»0 

8 

8 

O 
»o 

2 

& 

M 

*0 

^ 

O 

O 

M 

n 

f 

-o 

!» 

M 

•^ 

O 

t^ 

f; 

u  *• 

»■ 

»« 

•« 

ta« 

mm 

■4 

M 

PI 

PO 

PO 

< 

H 

.    8 

g 

g 

8 

8 

8 

• 

8 

8 

g 

8 

8 

g 

g 

g 

O 

tr. 

Q 

c* 

(« 

•ri 

1^ 

'5 

f 

iTi 

OC 

lO 

PO 

1  Jl 

Q 

o 

"3  if 

« 

» 

» 

* 

• 

ak 

#^ 

«» 

» 

Mb 

* 

•k 

^ 

^ 

f  0 

' 

•" 

M 

f< 

-^ 

O 

ac 

00 

c 

o 

^« 

-^ 

O 

o 
PI 

»o 
PI 

o 

U 

z 

m^ 

, 

H 

5f 

o 

■  J-H 

'    1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

»o 
PI 

o 

1 

i   = 

1 

1 

1 

8 

8 

8 

8 

PI 

8 

8 

8 

8 

8 

8 

8 

8 

8 

H 

^ 

KM 

w« 

M 

M 

M 

r« 

to 

•^ 

^ 

-^ 

vO 

< 

1     Hj 

1 

7. 

- 



—  — 

—       

—     —  _ 

X 

',fi» 

1 

o 

0 

O 

O 

O 

lO 

lO 

8 

o 

M       • 

.    1 

1 

1 

1 

1 

1 

1 

io 

»o 

m 

»o 

fcO 

I-* 

!>. 

flJ! 

w 

M 

n 

P4 

p« 

♦o 

PO 

to      ' 

04 

h 

Ofr 

04 

1 

i 

N 

PI 

M 

M 

p« 

to 

**» 

^ 

1 

£ 

1 

1 



to 

' 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

»0 
M 

s> 

H-' 

^Jl 

»4 

N« 

f4          ' 

t; 

11 

— 

_ 

— 

— 

— 

4» 

U4 

° 

Nrt 

PI 

8 

8 

8 

o 

to 

O 

1— 

1^ 

8 

8 

8 

o 

1^ 

8 

8 

O 

to 

< 

'O 
<» 

to 

fO 

fO 

to 

PO 

fO 

■i- 

•^ 

1- 

•«■ 

PI 

lO 

LO 

to 

r^. 





-    - 



ICE 

« 

N 

r« 

M 

N 

N 

N 

N 

w 

N 

M 

^4 

PI 

P4 

PI 

M    t*. 

9  a>\ 

M 

«4 

^ 

NO 

o 

m 

o 

»i^ 

O 

m 

o 

O 

«8 

lO 

8 

.2s^ 

M 

h4 

N 

P* 

PO 

ro 

^ 

to 

tx 

1 

H4 

COST  OF  WORKING. 


507 


a 

O 

» 
O 


<j 
S 

M 

U 

I— I 

o 

H 
O 

U 

H 
< 

X 

o 
p< 
Pi 

Oi 


rz  n  a 

O  an 
OH 


0|>.fi«fl 


o 
a 

O 

U 


O  V 


M 


h   W 


*^  o 


c 


5  e  g 


6* 


o 

rfJ  W  O   « 


a  5  « 


lONOfONONvOMrot-*  rooo  OOO  r^vnrON  W  O  ©00 
M  eoONt^'Tt-ii^tO'OrON  M  00000  r^t>»i->.»^r>.t^t>    ^     ^ 


.0 


fO« 


LOu^LoOOOOu^OQLr>QOQOQO   OOOQQQ 
«0  r>.N  »N,Lot>.ON«-'CiO  «>o  N  O  «^oio  •-•  u^woo  O  O  O 

rO^^LOu^t>.0  O  PO  ThOO  O  •-'  tM-^  O  '«^^0  fOO  ON  ♦^.OO 


ir)u^ir)0  O  O  u^  Q  Q  mu^O  OQQOOOOOOQQ 
«  N  «  Tf  iou">oo  cS  O  N  M  »^»oO  O  u^  10 m to *o m O  O 


8  0000000QOQOOOOOQQOOQQO 
Tf  f)00  N  mM  ro^O  00  O  ^  <^  O  roroO  0  i^OO  O  O  lo 


^88888888888888  888  8  8 8  8  8  8 

,Q  O  ^  thoo  M  10  *-  foo  00  O  o  w  O  fo  fO>5  O^  t-^co  O^  O  ^o 
^^  i-T^J't-Ti-r^feff^rofO-?  ioncT  rC  ^  cT  fO  fO  ^O  r>«  0\  tnoo 

80  Q  Q  Q  O  O  O  ir>to>otoQ  QOOQQOQQ 
O  O  O  O  tnior>.r^r>.i--.r>.0  O  votr>0  O  O  O  O 

O  O  O  Q  Q 
N   M  «<«  lOU^ 

hH     N^     M     M     M 

LOiy^OOOQQOQOOOOQQOO 
c)  M  LOLotoO  000  »o»oto»oO  O  "^O 

—  MweiNfOrorOfO  ^^^rf^O  >0  t»  On 


i^MMNNNNNNfOfO«^rO^^  "^'O 


8QQQQQQ9OOOQO 
0000000  u^mioO  tn 


r«NNNNNMN   fO  fO  «0  ^  VO 


000  ^Q  QQQQQQQQOOOOOQ 
xTiM^xr^t^O  00000000  »OiOiOto*oO 


N 


8  0QQQQOOOO»Oto»oQQQQQQQQQQ 
O0000»0»o»otoi>«.t^t'»0000000000 

WNWWNNWMMNNWNfOrO  rO>0  O  O  VO  «>.00   On 


N   N   N   N   N  PO 


HN 


M  w  «  PO  ^  »o  r^oo  OwtoO^^Ow^OwnOQ^oOOQ 

MMMNC^rorO'vi-'^  »ovO  vo  r>.  On  O 


CHAPTER  XXI. 

THE  PRODUCTION  OF  VERY  LOW 

TEMPERATURES. 

Early  Investigators  and  Experimenters.— The  Cascade  System.- The  Regenerative 
Method.— Properties  of  Liquid  Air.— Phvical  Constants  of  Liquefied  Gases. 

Early  Investigators  and  Experimenters. 
The   Cascade   System. 

The  first  experimenters  in  the  liquefaction  of  gases  were  Mouge  and 
Clouet  before  rSoo,  who  succeeded  in  liquefying  sulphur  dioxide; 
Northmore  in  1805,  who  liquefied  chlorine  and  sulphurous  acids; 
Faraday,  1823,  who  liquefied  chlorine  sulphuret  of  hydrogen,  carbon 
dioxide,  nitrous  oxide,  cyanogen,  ammonia  and  hydrochloric  acid. 
Habrier,  Nattuer,  Andrews,  and  Siemens,  the  latter  making,  in  a  pro- 
visional application  filed  in  1857,  the  suggestion  that  refrigeration  might 
be  produced  by  expanding  a  compressed  gas,  either  in  a  cylinder  doing 
work,  or  freely,  to  a  lower  pressure,  and  using  this  cold  gas  to  cool 
before  expansion  the  gas  coming  to  the  apparatus.  This  it  will  be 
seen  is  the  basis  upon  which  the  latest  investigators  have  proceeded, 
and  which  has  admitted  in  the  closing  years  of  the  last  century  of  the 
liquefaction  of  all  gases  being  effected. 

In  1878  Cailletet  and  Pictet,  working  quite  independently  of  each 
other,  succeeded  in  liquefying  certain  of  the  so-called  permanent 
gases. 

The  method  employed  by  the  first  was  to  compress  the  gas  under 
very  high  pressure,  cool  it  moderately,  so  that  it  was  still  above  its 
critical  temperature,  and  then  allow  it  to  expand  suddenly,  by  opening 
a  cock  or  valve  by  which  the  pressure  on  the  gas  was  relieved,  doing 
work  against  a  column  of  mercury  which  formed  the  equivalent  of  a 
piston  for  compressing  the  gas.  In  this  manner  the  gas  cooled  itself, 
the  expansion  being  sudden  and  almost  adial)atic,  and  the  temperature 
was  reduceti  below  the  critical  point,  whilst  the  pressure  was  still 
suflSciently  high  to  liquefy  the  gas  at  the  temperature  which  it  had 
then  acquired. 

Cailletet  in  the  above  manner  experimented  with  various  gases, 
amongst  others  laughing  gas,  acetylene,  and  carbon  monoxide,  and  sue- 
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ceeded  in  obtaining  a  mist  of  hydrogen.  He  was  the  first  to  use  liquid 
ethylene  as  a  cooling  agent. 

The  second,  or  PicteC,  on  the  other  hand,  employed  what  has  been 
styled  the  cascade  or  successive  cycle  system,  and  is  described  by  Prof, 
Ewing  as  follows. — • 

"  The  general  idea  of  tfus  method  is  illustrated  in  Fig.  357.  Imagine 
a  refrigerating  agent,  such  as  carbonic  acid,  to  have  been  compressed 
and  to  expand  through  a  valve  into  the  chamber  a,  where  it  evapo- 
rates.    In  the  example  as  sketched,  it  is  evaporating  into  the  atmos- 


phere. When  carbonic  acid  evaporates  freely  to  the  atmosphere,  it 
falls  to  a  temperature  of  about  —  80°  C.  It  could  be  made  to  go  30"  or 
more  lower  by  using  an  air  pump  to  preserve  a  partial  vacuum  in  the 
chamber ;  but,  assuming  the  pressure  a  to  be  atmospheric,  the  tempera- 
ture then  will  be  about  —80°  C.  Now  we  may  use  this  as  the  con- 
densing temperature  of  some  other  volatile  material.  The  material 
which  is  indicated  in  the  sketch  is  ethylene,  which  was  not  used  by 
Pictet,  but  has  come  into  use  subsequently,  and  has  done  good  service 
in  the  hands  especially  of  Professor  Dewar,  It  forms  a  convenient 
•  "Journal  ofllie  Society  01  Aria,"  September  Ijlh,  1897. 
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intermediate  link  between  the  comparatively  easily  liquefiable  carbonic 
acid  and  the  much  more  difficult  oxygen.  Ethylene  has  a  critical  tem- 
perature of  -  lo^  C,  and  needs  only  moderate  pressure  to  liquefy  it 
when  exposed  to  a  temperature  of  —80°  C.  It  is  pumped  at  the 
necessary  pressure  into  the  inner  vessel  at  a,  and  is  there  liquefied,  and 
passes  through  an  expansion  valve  to  the  outer  vessel  at  b»  where 
it  evaporates.  The  pressure  in  b  is  supposed  to  be  kept  at  something 
not  much  over  one  inch  of  mercury,  and  in  that  case  the  temperature 
reached  by  the  ethylene  in  evaporating  will  be  — 130°  C.  After  expan- 
sion, it  is  re- compressed,  so  that  the  part  of  the  apparatus  in  which  the 
ethylene  is  carried  through  its  cycle  may  simply  be  regarded  as  a 
separate  vapour  compression  refrigerating  machine,  the  same  as  the 
ordinary  machine  using  ammonia  or  carbonic  acid ;  b  is  the  refrigerator 
and  A  is  the  condenser. 

'*  The  remainder  of  the  apparatus  is  another  similar  machine,  using  in 
this  case  oxygen  as  its  working  substance,  and  with  b  as  its  condenser. 
The  critical  temperature  of  oxygen  is  about  —150^0.,  and  as  the 
temperature  in  b  is  lower  than  that,  the  oxygen  liquefies  when  com- 
pressed into  the  inner  vessel  at  b.  A  moderate  pressure  of  20  or  30 
atmospheres  suffices.  The  liquid  oxygen  may  be  passed  through  a 
valve,  and  evaporated  again  in  the  vessel  c,  and  in  that  way  a  tem- 
perature of  —  200°  C,  or  lower,  can  be  reached,  the  temperature,  ot 
course,  in  this  last  vessel  depending  on  the  pressure  in  it,  and  con- 
sequently on  the  rapidity  with  which  the  pump  is  worked.  By  working 
the  pump  tolerably  fast,  to  preserve  a  good  vacuum  in  c,  we  can  get 
down  to  something  like  —220°,  or  even  —225°  C,  a  temperature 
which  is  no  very  long  way  above  the  absolute  zero  — 273^  C.  In 
Pictet's  cascade  of  successive  cycles,  the  substances  used  were  sulphurous 
acid  and  carbonic  acid.  The  ethylene  is  a  useful  addition,  as  giving 
readily  a  temperature  considerably  below  the  critical  point  ot  oxygen. 
Without  it,  however,  Pictet  succeeded  in  liquefying  oxygen  by  the 
device  of  letting  it  suddenly  escape  when  under  high  pressure,  and 
after  being  cooled  as  far  as  the  carbonic  acid  would  cool  it." 

Further  experiments,  made  during  the  next  decade  by  the 
two  Polish  chemists,  Wroblewski  and  Olszewski,  working  together  and 
using  Cailletet's  type  of  apparatus,  and  latterly  Pictet's  cascade  system, 
for  cooling  the  compression  tube,  confirmed  the  results  obtained  by 
Cailletet  and  Pictet  on  hydrogen  in  1884. 

In  this  year  (1884)  Professor  Dewar  demonstrated  at  the  Royal 
Institution  that  liquid  air  could  be  produced  by  the  use  of  solid  carbon 
dioxide  and  nitrous  oxide  as  cooling  agents,  giving   —184°   Fahr. 
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(—120°  Cent).  With  a  compression  to  200  atmospheres,  and  subsequent 
expansion,  about  5  per  cent,  of  the  air  compressed  was  liquefied. 

Professor  Dewar  also  devised  the  vacuum  flasks  for  holding  liquid 
gases  which  bear  his  name,  and  which  consist  of  two  glass  walls  with  a 
sealed  space  between  from  which  the  air  has  been  completely 
exhausted,  and  which  consequently  acts  as  the  best  possible  insulator. 
By  the  addition  to  the  vacuum-jacket  of  a  film  of  mercury  spread 
over  the  surface  of  the  glass  on  the  inner  side  of  the  outer- 
most wall,  a  bright  surface  is  produced  which  reduces  the  ab- 
sorption of  heat  by  the  latter,  and  permits  much  less  radiation 
to  pass  through.  This  vacuum  vessel  enables  the  rate  of  evaporation 
of  a  liquid  gas  to  be  reduced  from  i-5th  to  i-6th  of  that  which  would 
take  place  in  the  open  air,  and  if  the  inner  wall  be  coated  as  above- 
described,  with  mercury  to  form  a  heat  mirror,  the  evaporation  will 
then  be  only  from  i-2oth  to  i-33rd  that  of  the  free  rate.  Until  quite 
recently  these  flasks  were  the  means  by  which  liquid  gases  were 
handled  and  maintained  in  a  static  form. 

Subsequently  Olszewski,  after  Wroblewski's  death  in  1888,  replaced 
the  glass  tube  of  Cailletet  by  a  steel  one  fitted  with  a  stop-cock, 
and  obtained  enough  liquids  to  be  handled  in  Dewar  flasks. 

Discarding  after  a  time  the  Cailletet  apparatus,  as  altered  by 
Wroblewski,  Dewar  employed  the  Pictet  apparatus,  using,  however, 
pumps  to  compress  the  gases  previously  made,  and  force  them  into  the 
liquefying  chamber,  and  he  also  employed  ethylene  in  place  of  carbon 
dioxide,  placed  the  draw-off  cock  within  the  cooling  chamber,  and 
still  later  adopted  the  regenerative  principle  suggested  by  Siemens, 
for  cooling  the  chamber  in  the  case  of  hydrogen  liquefaction.  In  1895 
Dewar  demonstrated  that  air  in  the  liquid  form  could  be  frozen  to  a 
jelly-like  solid  by  the  expansion  method,  this  jelly  proving  to  be  a 
mass  of  nitrogen  with  the  liquid  oxygen  of  the  air  contained  in  the 
interstices;  this  solid  air  melts  instantly  on  contact  with  the  atmos- 
phere. In  1896  he  effected  the  production  of  a  jet  of  liquid  hydrogen 
by  means  of  the  expansion  of  the  cooled  and  compressed  gas,  and 
by  the  use  of  this  hydrogen  jet,  oxygen  and  air  were  frozen  to  a  solid 
white  mass.  In  1898  Dewar  succeeded  in  collecting  hydrogen  in  a 
static  condition,  and  in  keeping  it  in  this  form  by  the  use  of  one  of  his 
bulbs  at  a  temperature  of  — 396-4°  Fahr.  ( — 238*^  C),  only  65°  Fahr. 
above  the  absolute  zero. 

Amongst  other  workers  in  this  field  must  be  mentioned  Professor 
Onnes  of  Leyden,  and  Moissau,  the  latter  investigator  together  with 
Dewar  having  succeeded  in  liquefying  fluorine^  the  last  of  the  elements 
to  yield. 
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A  considerable  amount  of  attention,  it  is  true,  was  devoted  to 
the  production  of  liquid  air  by  the  above-mentioned  investigators, 
especially  by  Professor  Dewar,  but  they  were  primarily  interested  in  the 
scientific  investigation  of  the  properties  of  the  elementary  gases,  and 
the  former  has  been  more  particularly  dealt  with  by  Linde,  Hampson, 
and  Tripler,  who  have  all  been  experimenting  especially  with  a  view 
to  the  simpHfication  and  cheapening  of  the  production  of  liquid  air 
in  order  that  it  might  be  made  on  a  commercial  scale,  and  they  have 
all  been  working  on  the  lines  of  direct  regenerative  action  which  was 
proposed  by  the  late  Sir  William  Siemens  forty-four  years  ago.  In  this 
direction  it  should  be  stated  that  Professor  Dewar  had  also  been  work- 
ing, combining  cooling  with  a  separate  fluid,  his  experiments  being, 
however,  on  the  smaller  scale  suitable  for  a  chemical  laboratory. 

The  Regenerative   Method. 

As  has  been  already  mentioned,  Siemens  was  the  first  to  describe 
the  regenerative  process,  and  in  the  specification  of  the  provisional 
appUcation  already  referred  to  he  describes  the  employment  of  an  in- 
terchanger  to  extract  cold  from  the  air  already  cooled  by  the  refri- 
gerating machine,  and  thereby  to  cool  the  air  which  is  on  its  way  to 
be  expanded.  Siemens  especially  pointed  out  that  theoretically, 
at  least,  no  limit  existed  to  the  degree  of  cold  which  could  be  produced 
by  the  use  of  such  an  interchanger,  and  after  giving  an  example  of  the 
temperatures  that  might  be  expected  in  a  particular  instance,  he 
says : — "  These  temperatures  are  mentioned,  not  as  absolute  tempera- 
tures, bul  to  show  that  the  principle  of  the  invention  is  adapted  to 
produce  an  accumulated  efifect,  or  an  indefinite  reduction  of  tempera- 
ture." 

Siemens'  idea,  observes  Professor  Ewing,  was  that  the  compressed  air 
should  pass  through  this  interchanger,  and  should  then  be  caused  to  do 
work  in  an  expansion  cylinder.  This  expansion  would  chill  it,  and  it 
would  then  pass  again  through  the  interchanger,  gi\'ing  up  its  cold  through 
the  interchanger  to  the  next  succeeding  supply  of  compressed  air.  The 
effect  would  be  to  make  each  fresh  supply,  on  its  way  to  the  expansion 
cylinder,  a  little  colder  than  the  last.  The  cumulative  fall  in  tempera- 
ture resulting  from  this  would  only  be  limited  by  accidental  losses  due 
to  conduction  of  heat  from  outside  and  to  heat  developed  from  friction 

within  the  machine. 

In  1885  Solway  took  out  a  patent  for  an  apparatus  and  process 
for  producmg,  applying,  and  keeping  up  extreme  temperatures,  by 
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means  of  a  regenerative  method  somewhat  akin  to  that  of  Siemens, 
only  that  he  employed  a  regenerator  instead  of  an  interchanger.  Widi 
this  apparatus  Solway  succeeded  in  reaching  a  temperature  of  about 
""  95°  C.,  at  which  he  found  the  losses  of  cold  balanced  the  gains. 

In  1892  Windhausen  obtained  a  patent  for  an  apparatus  for  the 
production  of  extreme  degrees  of  cold  with  an  interchanger  substan- 
tially similar  to  that  of  Siemens,  but  employed  in  combination  with 
an  expansion  cylinder.  With  this  he  obtained  about  the  same  degree 
of  temperature  as  Solway,  and  this  apparatus  is  said  to  be  now  in  use 
on  a  commercial  scale  for  such  processes  as  the  extraction  of  benzol 
from  the  mixed  gases  which  are  given  off  by  the  distillation  of  coal. 

The  particular  workers  in  this  field,  however,  who  have  aimed  at 
the  simplification  and  cheapening  of  the  production  c^  liquid  air,  so 
that  it  might  be  made  commercially  useful,  are,  to  take  them  in  the 
order  of  their  applications  for  patents,  Tripler,  Hampson,  and  Linde. 
Tripler's  English  patents  were  filed  in  1891,  Dr.  William  Hampson's  on 
the  23rd  May,  1895,  and  Dr.  Linde's  three  weeks  later  in  the  same  year. 
A  good  deal  of  discussion  has  taken  place  as  to  which  of  these  three 
should  have  assigned  to  them  the  real  credit  of  having  first  produced  a 
practical  machine.  It  is  averred  by  some  that  the  apparatus  described 
by  Tripler  was  impracticable,  and  by  others  that  Hampson's 
provisional  specification  was  very  brief,  and  so  vague  as  to  indicate 
but  little.  It  certainly  appears  that  the  first  to  produce  a  practical 
working  apparatus  was  Dr.  Linde,  although  he  was  the  last  to  pro- 
ceed to  the  Patent  Office  for  protection ;  it  is  on  record  that  his  appara- 
tus, in  a  practical  and  workable  form,  was  produced  in  the  summer  of 
1893.    Mr.  Tripler  has  been  refused  a  patent  by  the  U.S.  Patent  Office. 

The  principle  of  the  regenerative  method  of  producing  very  low 
temperatures  is,  says  Mr.  A.  L.  Rice,  in  a  paper  read  before  the  Ameri- 
can Society  of  Mechanical  Engineers,  December,  1899,  a  perfect  gas 
expanding  to  do  work  loses  heat ;  if  this  cooled  gas  be  exhausted,  so  as 
to  jacket  the  pipe  through  which  the  incoming  gas  enters,  it  will  cool 
that  incoming  gas;  the  process  is  cumulative  without  limit,  if  the 
machinery-  is  frictionless  and  insulated  against  heat  from  the  surround- 
ing objects.  Solway  built  a  machine  on  this  principle,  but  was  unable 
to  get  lower  than  — 139°  Fahr.  ( — 95°  C),  on  account  of  the  heat  due 
to  the  friction  of  the  pistons  and  to  conduction. 

In  a  perfect  gas  no  lowering  of  the  temperature  would  result  from 
lowering  of  the  pressure  by  free  expansion,  but  ncwie  of  the  so-called 
gases  are  perfect,  and  all  are  cooled  somewhat  by  expansion  through 
an  orifice.     Joule  and  Kelvin  found  that  with  air  the  fall  of  tempera- 
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ture  is  about  0*45°  Fahr.  (J°  C),  for  each  atmosphere  difference 
of  pressure  at  the  orifice,  at  ordinary  temperatures,  and  that  the  effect 
increases  as  the  temperature  falls,  because  the  gases  are  coming  more 
nearly  to  the  vaporous  state.  If,  then,  air  be  compressed  to  a  high 
pressure,  and  be  allowed  to  expand  through  a  small  orifice,  it  will 
become  considerably  cooled,  and  may  be  used  to  cool  the  incoming 
air,  which,  in  turn,  will  lose  heat  by  expansion.     The  process  may  be 
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Fig-  358.— Diagram  illustrating  Tripler*s  Apparatus  for  the  Production  of  Very  Low 

Temperatures  by  the  Regenerative  Method. 

carried  on  until  some  of  the  air,  on  or  before  leaving  the  orifice,  is 
liquefied. 

Mr.  Tripler*s  apparatus  is  shown  in  Fig.  358,  and  as  described  by 
Mr.  Rice,  "  consists  of  a  three-stage  compressor,  drawing  air  directly 
from  the  atmosphere,  and  driven  by  a  steam  engine.  The  air  is  taken 
first  into  the  low  pressure  cylinder,  where  it  is  compressed  to  65  lbs. 
per  square  inch;  it  is  then  sent  through  an  intercooler  to  reduce  the 
temperature  to  that  of  the  atmosphere,  and  taken  into  the  intermediate- 
pressure  cylinder;  from  that,  at  a  pressure  of  400  pounds,  it  is  taken 
through  a  second  intercooler  to  the  high  pressure  cylinder,  where  it  is 
forced  up  to  2,000  to  2,500  pounds,  and  thence  sent  to  the  after- 
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ccw)ler  to  be  reduced  again  to  the  temperature  of  the  atmosphere.  The 
air  is  passed  through  a  separator  to  take  out  all  moisture,  and  then 
passes  to  storage  tubes  in  which  compressed  air,  not  in  the  liquid  form, 
may  be  kept.  The  liquefier  is  Mr.  Tripler's  special  invention.  This 
takes  the  air  from  the  separator,  and  by  expansion  through  a  coil 
of  pipe  and  a  small  orifice,  cools  it  to  a  low  temperature;  it  passes 
up  around  the  coil  of  pipe,  cooling  the  air  inside,  and  thus  gives  the 
regenerative  action.  The  expansion  valve  is  placed  at  a  little  distance 
above  the  bottom  of  the  coil,  so  that  some  liquid  air  collects  in  the 
bottom  of  the  latter,  and  thus  serves  to  further  cool  the  air  as  it  comes 
to  the  expansion  cock.  The  air  which  is  to  be  drawn  off  collects  in 
the  liquefier  just  below  the  expansion  valve,  and  may  be  drawn  off  at 
wDl.  The  expanded  air  escapes  to  the  atmosphere  after  having  been 
used  to  cool  the  coil  of  the  liquefier.  The  capacity  of  the  present 
plant  is  two  or  four  gallons  per  hour,  and  the  ice  will  begin  to  liquefy 
in  15  minutes  after  the  starting  up..  No  data  are  available  as  to  the 
power  used  in  the  compression." 

The  provisional  specification  of  Dr.  William  Hampson's  1895 
patent  was,  as  above-mentioned,  extremely  brief,  and  the  following  is 
the  text  in  extcTiso : — 

"  The  usual  cycle  of  compressing,  cooling,  and  expansion,  is  modified 
by  using  all  the  gas  after  its  expansion,  to  reduce  as  nearly  as  possible 
to  its  own  temperature  the  compressed  gas  which  is  on  its  way  to  be 
expanded;  with  this  object  all  the  expanded  gas  surrounds  the  pipe 
or  pipes  of  compressed  gas  through  all  their  length  from  the  point  of 
expansion  to  the  point  of  normal  temperature,  and  the  length  of  pipe 
is  suflScient  to  allow  of  the  fullest  possible  interchange  of  temperatures 
between  the  compressed  and  expanded  gas." 

In  a  subsequent  patent  the  improved  apparatus  shown  in  vertical 
and  horizontal  sections  in  Figs.  359  and  360  is  described.  In  this 
apparatus  the  interchanger  is  made  with  a  tube  or  tubes  coiled  into 
spirals,  the  convolutions  of  which  are  separated  by  very  narrow  spaces 
and  with  the  coils  lying  one  upon  the  other.  The  space  between  the 
tubes  does  not  exceed  i-ioth  of  an  inch.  The  gas  after  compression  is 
purified  by  caustic  potash  or  the  like.  The  vacuum  vessel  i  is  supported 
by  a  cap  2  inside  concentric  glass  tubes  mounted  between  rings  3  and 
5  held  by  a  frame  4.  Insulatmg  or  tight  joints  may  be  made  at 
5,  6,  7,  8.  Cold  carbonic  acid  or  the  like  is  passed  on  to  the  coils 
in  the  neighbourhood  of  the  expansion  joint,  and  thence  over  their 
other  parts  before  beginning  expansion  of  compressed  gas,  and  the 
arrangement  shown  in  Fig.  360  is  used  for  supplying  the  cold  carbonic 
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acid  free  from  solid  particles.  In  this,  the  gas  expands  from  the 
valve  I,  which  is  kept  at  a  proper  temperature  hy  a  stream  of  warmer 
gas  from  the  valve  2, 
and  then  any  solid  mate- 
ria] is  removed  by  filter- 
ing-material 4  from  the 
vapour  which  is  led 
away  by  the  pipe,  etc.,  7. 
Fig,  361  represents 
the  latest  (1898)  type  of 
the  Linde  i^jpajatus,  as 
depicted  in  Mr,  Rich's 
paptf,  and  which  ap- 
paratus only  differs  in  a 
few  minor  details  from 
*  that  made  in   1893.     It 

has  been  already  stated 
that  the  fall  (rf  tempera- 
ture is  proportional  to 
the  difference  irf  pres- 
sures at  the  orifice,  and 
this  difference  should, 
therefore,  be  large;  the 
work  required  to  com- 
press the  air  again  will 
depend  upon  the  ratio 
of  the  pressures,  that  is 
to  say,  upon  the  ratio 
of  compression,  and 
should  be  as  small  as 
possible.  This  necessi- 
tates that  both  pres- 
sures be  high  for  the 
most  economical  work- 
ing,      and,       therefore, 

Linde     works     his 

Fies.  359 and  l6o.- HampsOD's  Apparatus  for  the  .  .  l_i_.  

Productionof  Very  Low TcmpcraluresbytheRegene-      machmo     between     200 
ralive  Method.     Vertical  and  tloriiootal  Sections.         atmospheres       and       16 

atmospheres  for  all  the 
air  by  expanding  through  the  valve  marked  a.  r-5th  is  then  ex- 
panded to    1    atmosphere   through   the  valve   J   so   as   to   cool  it 
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still  further,  and  about  %  of  this  amount  is  condensed.  The  expanded 
air  is  sent  back  in  the  outer  pipes  as  shown,  the  part  which  is  at 
16  atmospheres  to  the  compression  piunp,  and  the  rest  to  the 
atmosphere.  /  is  a  separator  and  g  a  freezing  bath,  both  being  used  to 
remove  the  moisture  from  the  air;  ^  is  the  compression  pump,  and 


Fig.  361. — Linde*s  Apparatus  for  the  Production  of  Very  Low  Temperatures  by  the 

Regenerative  Process.     Sectional  Elevation. 


€  a  pump  for  supplying  at  16  atmospheres  as  much  air  as  escapes  at 
h.  c  is  the  receptacle  for  the  liquid  air.  In  the  earlier  form  of  the 
machine  none  of  the  air  was  expanded  below  50  atmospheres,  and 
the  air  was  cooled  by  a  surface  condenser  supplied  with  water.  With 
this  apparatus  about  '9  of  a  quart  of  liquid  can  be  obtained  per  hour 
Wiith  the  use  of  3  horse-power,  this  being  about  5  per  cent,  of  the  air 


5i8  REFRIGERATION  AND  COLD  STORAGE. 


a 

o 
U 


■§■ 


»      »      *^^D 


ill 

•88-1 

5-  " 


a     -     = 


3 

4) 

^   I 

s    u 


■a      o 


I 


CO 
(A 

o 


Q 

13 

4 

^  -1 

fl 

^M          1 

a 

k* 

o 

H 

U 

P    1 

O* 

u 

O 

CO 

H 

•< 

H 

CO 

O 

U 

>j 

•<  i 

y  ! 

(O    < 

u* 
O 

(d    • 
«    . 


38. 


•o 


u   u 


>I5^o   filial    l?^lr|^^|S^'5l 


o      o 
I       I 


So 

Oh* 

OS 


^  NMClM.MMM  MM  MM  M 


p 
M 


tl    I     I   H  I  i  I    I  «?  I     I   8  ,    5 


I  I 


04 


bit 

a 

1 


^P^ 


a  I,  3 

O  «»* 


c< 


•^8  8 


Ut 


u 


•-2 
•c« 

o 

H 


o 
.a 

B 


u 

fl 
(« 

a 
CO 


•OOJ1  JO  jaquin^ 


W   Q      f^    ,M         t^Wi^         ^ 

m'^mm"  lm<n 

1    I  Sul  irg^l       Ml 


^  •  •  • 

I    «    r>  r»   I      «r>  ♦^   I      ^^   I     I 


I     I 


I  I  ^\\<^\  '  T  T  T  '    T  T  '    T  '  ' 


1^ 


I      ^  a 
I       MO 

!  5" 


^r  lO     »0 


M*«         ^r«IWr«>M»o«00«00>       Omm         mO^ 

"I  I  I TT  T I  T  T  T  T  r  rrr  rrr 


«  ♦  ■*■•••     fc 

^♦•^      "«-oOflOO*a8o«0»0»r>ao  ao9>o>      3^  ^0*S 

",           , MMMM  MMM            M  WT?     , 

I     I       I     I   I     I     I     I     I     I     I     I  III       I  IcSl 


i 

m 

Si 

« 
k.  a 


r^    9    M    Ob      \o     I/) 


§-»n     <«-|w)bio|     mV'mo      btoO"     i«o     I 


>0      O  N 

*  -  • 


HI    1^'». 


0«aoiiCM«oaqaoMc<       ^ool 


00 

00 
M       N      ct 


MMM  MNCt  M<*: 

I  I  I    III    T  I 


«oo     ") 

•n  »<       M 


00      lO   oo 

•  •  - 


m 


t^rs^tn^^M     I     OMf«>oo       xb^O     ^* 
O^    r»lfn    fn«n|Mao<>M        n!o^^<^| 

III    T  T  T   T  1  ' 


'5 

uCO 
«    . 


o    9.** 


M 

O 


« 

'm 

o 

g 


a 

V 


—     .    ««    ^   J? 

B       •«—     2oJ»        Bi«9  ^ 


u    a 


M  n 


^    too     t^  oo     9    O     M 


♦    «o  O 


r«  00     O- 


PRODUCTION  OF  VERY  LOW  TEMPERATURES,     519 

handled,  the  first  liquid  will  appear  about  two  hours  after  starting  up 
the  machine. 

The  following  extwided  extract  from  Mr.  Rice's  paper  regarding  the 
properties  of  liquid  air  will  be  of  interest : — 

"  The  physical  constants  which  have  been  determined  with  regard 
to  the  liquefied  gases  are  given  in  the  foregoing  table,  which  was  pre- 
pared by  Mr.  Walter  Dickerson.  It  will  be  noted  that  the  order  of  the 
liquefaction  of  the  gases  historically  is  almost  exactly  that  of  the  de- 
scending critical  temperatures ;  it  is  the  attaining  of  a  low  temperature 
limit  that  has  taken  all  the  time  and  study  that  have  been  devoted  to 
this  matter.  Some  of  the  gases  when  in  the  liquid  form  are  lighter, 
and  some  heavier  than  water,  as  shown  by  the  values  of  specific  gra- 
vity ;  of  the  constituents  of  air,  nitrog^i  is  lighter  and  oxygen  is 
heavier;  the  mixture,  containing  4-5 ths  nitrogen  and  i-5th  oxygen,  is 
a  little  lighter  than  water. 

"  Professor  Jacobus  and  Mr.  Dickerson  have  found  the  latent  heat 
of  air  at  atmosphenc  pressure  to  be  about  140  British  thermal  units, 
but  this  figure  is  stated  as  only  a  rough  approximation.  This  is  about 
the  only  value  which  has  been  determined  with  regard  to  air  in  the 
intermediate  or  vaporous  state. 

"  Any  calculations  as  to  the  efficiency  of  liquid  air  as  a  fluid  for  a 
prime  mover  must  necessarily  be  only  approximate.  The  approxima- 
tions can,  however,  be  made  on  the  right  side,  and  the  air  given  the 
benefit  of  the  doubt. 

"  Professor  Henry  Morton  has  recently  made  some  calculations  re- 
garding the  maximum  amount  of  power  which  could  be  obtained  by  the 
expansion  of  one  pound  of  liquid  air  under  certain  circumstances.  The 
same    hypothesis    which  he  used  will  be  assumed  and    his    figures 

adopted. 

'*  Suppose  one  pound  of  liquid  air  to  be  confined  in  a  cylinder  and 
heated  to  70°  Fahr.,  then  let  it  expand  at  70°  to  atmospheric  pressure, 
the  expansion  to  be  hyperbolic.  It  is  not  known  what  the  volume  of 
the  air  will  be  at  70°  before  expanding,  but  it  is  certain  that  its  ratio  of 
expansion  will  be  less  than  it  would  be  if  expanding  from  the  volume  of 
the  liquid  at  —  312°  to  the  volume  of  the  gas  at  70°  and  atmospheric 
pressure ;  this  ratio  is  something  less  than  800,  hence  we  will  call  the 
ratio  of  exi>ansion  800.  The  volume  of  one  pound  of  air  at  70°  Fahr. 
and  atmospheric  pressure  is  13  36  cubic  feet 

"  The  work  done  in  a  hyperbolic  expansion  is,  W-=.p^y^v^Y.  loge  R. 

when/j  =  final  pressure  per  square  foot  =  2,117  pounds 
z/j  =         „  volume  =  13 '36  cubic  feet. 
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R  -=-  ^  •=■  Ratio  of  expansion. 

Wz=L  2,Ti7  X  13-36  X  6-685  =  188,000  foot-pounds. 

188,000 
60  X  33,000  ~  '^^5  =  horse-power  per  pound  of  air  used  per 

hour,  and  -      =  10-55  pounds  of  air  per  horse-power  per  hour,  if  the 

terminal  pressure  equals  the  back  pressure,  no  compression  and  no 
clearance  being  considered. 

"This  result  cannot,  of  course,  be  realised,  for  there  are  many 
sources  of  loss  which  cannot  he  avoided,  and  which  will  make  this  figure 
for  the  weight  of  air  per  horse-power  hour  much  higher.  However, 
even  if  it  could  be  realised  in  actual  practice,  it  is  only  just  inside  of 
the  figure  which  has  been  obtained  in  our  best  steam  engines  under 
practical  working  conditions. 

"  In  these  figures  the  liquid  is  considered  simply  as  a  storage  medium 
for  energy,  and  no  account  is  taken  of  the  amount  of  heat  necessary  to 
develop  or  store  the  energy. 

"  In  order  to  get  a  comparative  idea  as  to  the  relative  values  of  liquid 
air  and  water  for  power  storage,  two  similar  cycles  for  water  will  be 
calculated,  and  comparative  figures  obtained. 

"  The  range  of  temperature  in  the  cycle  taken  for  air  is  from  —312° 
to  70°,  or  382^. 

"  Starting  with  water  and  heating  it  to  504^  under  700  pounds  pressure 
absolute,  and  expanding  it  to  2  pounds  pressure  absolute  and  126^ 
Fahr.,  gives  a  range  of  temperature  slightly  less,  viz.,  378°.  The  ratio 
of  expansion  will  be  254.  This  final  volume  of  one  pound  is  172 
cubic  feet,  and  considering  the  expansion  to  be  hyperbolic,  we  have 

280,000 

W-=^  288  X  17'?  X  5*59  =  280,000  foot-pounds  :  ,    = 

1'^       ^^^  >  ^  '  60  X  33,000 

'1415  horse-power  per  pound  of  water  used  per  hour,  and; = 

7  "08  pounds  of  water  per  horse-power  per  hour. 

By  heating  the  water  to  546^  under  1,000  pounds  pressure  and 
expanding  to  atmospheric  pressure  the  range  of  temperature  would  be 
still  less,  or  about  334°. 

The  final  volume  would  be  26-3  cubic  feet. 

26-3 
Ratio  of  expansion  .  «   =55- 

JV=.  21-7  X  26*3  X  4*04  =  225,000  foot-pounds. 
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22  c, 000 
7 — -^ =  •!  139  horse-power  per  pound  of  water  used  per  hour. 

=  8-8  pounds  water  per  horse-power  per  hour. 


.1139 
'*  From  these  figures  it  will  be  seen  that  under  the  conditions  assumed, 

water  will  give  oflf  from  20  per  cent  to  50  per  cent,  more  energy  than 
liquid  air,  during  expansion  through  equal  temperature  ranges.  The 
possibility  of  the  use  of  liquid  air  in  a  prime  mover  comes  from  the 
fact  that  the  upper  temperature  limit  for  the  range  assumed  is  so  low  as 
compared  with  that  for  the  steam.  The  upper  limit  for  the  air  is  at  70° 
Fahr.  or  531°  absolute,  and  the  possible  thermal  efficiency  is  iff  = 
•72 ;  for  the  water  the  upper  limit  is  504°  Fahr.,  or  965°  Fahr.,  and 
the  possible  efficiency  is  Hi  =  '39.  If  the  efficiency  of  the  liquid  is 
in  any  way  comparable  with  that  which  can  be  gotten  from  steam  in 
the  steam  engine,  the  efficiency  of  the  air  engine  should  be  good.  The 
cost  of  production  of  a  pound  of  air  would  be  much  greater  than  that 
of  a  pound  of  steam,  so  that  to  be  a  commercial  factor,  the  efficiency 
of  the  air  engine  would  have  to  be  much  greater  than  that  of  the  steam 
engine.  Whether  this  can  be  accomplished,  the  future  alone  must 
decide. 

"As  to  other  uses,  refrigeration,  medical  cautery,  prevention  of 
chemical  action,  explosive  compounds,  reduction  of  resistance  of  con- 
ductors for  electricity  and  use  for  prevention  of  the  ill-effects  of 
anaesthetics  have  been  suggested,  and  others  will  doubtless  develop 
as  experiments  are  tried.  It  is  only  within  a  few  months  that  the 
liquid  could  be  obtained  at  a  cost  that  allowed  of  trial  of  its  properties 
for  any  except  scientific  purposes  where  no  possible  financial  return 
was  to  be  expected,  and  cost  was  a  secondary  consideration.  With  a 
laige  supply  available,  rapid  development  may  be  looked  for,  and  new 
uses  will  be  constantly  discovered." 
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I.— USEFUL  TABLES  AND  MEMORANDA, 


Evaporation  of  Liquids. — Lightfoot. 


Liquid  or  gas. 

Water. 

Anhydrous 
Ammonia. 

Sul- 
phuric 
ether. 

Mythylic 
ether. 

.Sulphur 
diox- 
ide. 

Pictet't 
liquid. 

Specific   gravity  of  j 

vapour,  compared  > 

0-622 

0-59 

2*24 

I*6l 

2*24 

— 

'with  airs  rooo     ; 

Fahr. 

Fahr. 

Fahr. 

Fahr. 

Fahr. 

Fahr. 

Boiling  point  at  \ 

atmospheric  pres-  J 

212" 

-37-3° 

96" 

—  10*5 

14' 

-2-2** 

sure    .         .        .  ; 

Latent  heat  of  vapor-  \ 

isation  at  atmos-  \ 
pheric  pressure    . ; 

966 

9CX) 

165 

473 

182 

— 

• 

Fahr. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

is 

-  40' 

— 

— 

— 

S3  Z 

—    20** 

19-4 

12*0 

57 

11*6 

•9- 

O*' 

30*0 

1-5 

i8-7 

9-8 

15-4 

sions 
feren 

+    20^ 

61*5 

2*6 

28-1 

16*9 

22*0 

+    32'' 

0*089 

3-6 

36*0 

22*7 

27*0 

5i 

+    40° 
+    60° 
+    80' 

0*122 

73-0 

44 

42-5 

27-3 

31-3 

0*254 
0-503 

108-0 

152-4 
210*6 

7*2 

10-9 

6i-o 
86*1 

4" -4 
6o-2 

44-0 
60*0 

1^ 

100'' 

0*9d2 

1*685 

16*2 

ii8*o 

84*5 

79*' 

120° 

2837 

23-5 

— 

117*5 

99*7 

I40P 
160^ 

I80- 

2*879 
4-731 

7'5i» 

— 

33-5 
45-6 
62*0 

— 

— 

^f2 

200° 

11-526 

8i-8 

— 

— 

S.S. 

212° 

14-7 

■ 

96*0 

^^^ 

USEFUL   TABLES  AND  MEMORANDA. 


l^l 


The  Metric  System. 
This  table  provides  a  ready  means  of  converting  millimetres  into  inches. 


Mm. 


Inches. 


Mm. 


I 

0-0394 

2 

0-0787 

3 

o-ii8i 

4 

0-1575 

5 

0-1968 

6 

0-2362 

7 

0-2756 

8 

03150 

9 

0-3543 

lO 

o^3937 

II 

^•433 1 

12 

0-4724 

13 

0-5118 

14 

05512 

«5 

0-5906 

i6 

0-6299 

'7 

06693 

i8 

0-7087 

19 

0-7^80 
0-7874 

20 

21 

08268 

22 

08661 

23 

0-9055 

24 

o-944q 
0-9843 

25 

26 

27 

28 

29 
30 
31 
32 

33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 

46 

47 
48 

49 
50 


Inches,  j 

Mm. 

Inches. 

Mm. 

1 
1 

76 

Inches. 

1-0236 

51 

2-0079 

2-9922  . 

1-0630 
1-1024  j 

52 
53 

20473 
2 -0866 

w 

30315 
3-0709 

I-IAI7 
I1811 

54 

2-1260 

79" 

3^"03 

5$ 

3*1654 

80 

3-1496 
3-1890 

1-2205 

56 

2*2047 

8z 

1-2598 

57 

2*2441 

82 

3*2284 

I  -2992 

58 

2-2835 

53 

3-2677 

i^3386  ; 

59 

2*3228 

b 

3-3071 

1-3780 

60 

2*3622 

85 

3-3465 
3-3859 

1-4173 

61 

2*4016 

86 

'•4567  . 

62 

2*4410 

57 

34252 

1-4961  1 

63 

24803 

88 

3*4646 

'•5354  1 

64 

2-5197 

89 

3-5040 

^•5748  ; 

% 

2*5591 

90 

3-5433 
3-5827 

3*0221 

I -6142 

2-5Q84 

9i 

1-6536 

67 

2*6378 

92 

1*6929   ! 

68 

2-6772 

93 

3-6614 

1^7323 

69 

2-7166 

94 

3-7008 

I-77I7 

70 

2-7559 

95 

3*7402 

I-8IIO 

71 

2-7953 

96 

i  37796 

I  -8504 
1-8898 

72 

2-8347 

97 

1  3-8189 

73 

2-8740 

98 

3-8583 

1-9291 

74 

2-9134 
1  2-9528 

'  99 

38977 

1-9685    ' 

75 

1 

100 

39370 

I  gramme 
I  kilogramme 


Equivalents  of  weight  may  be  calculated  by  means  of  the  following  Tables : — 

English  Weights. 
I  oz.  B  28-35  grammes.  i  cwt.  ^  50*80  kilogrammes. 

I  lb.  a  0*4536  kilogramme.  i  ton    =  1016  kUogrammes. 

Met&ic  Weights. 
=«  15-43  grains. 

«-  2-2046  pounds,  or  2  lbs.  3  ozs.  4  drachms 
and  10-47  grains. 
I  millier  (metric  ton)  ^  2204-62  pounds  or  0-9842  ton. 

Below  are  given  some  of  the  most  u.seful  measures  of  volume  : — 

Metric. 

I  litre  =1*76  pints. 

=.0-1         ,f    =  3*5  fl^i<l  ozs. 
=  0-01       „    -0-35    „ 
=  0-001      „    -o*35    ,. 

English. 
1  dram   -»    3*55  cubic  centimetres. 
8  drams     =  i  ounce  »    28*4 
20  ounces  «  i  pint    =  567*9 
2  pints       =  I  quart  »     1*136  litres. 
4  quarts     s=  i  gallon  =     4*544 


I  decalitre 
I  centilitre 
I  cubic  centimetre 


»» 


t» 


»> 


SH 
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Properties  of  Saturated  Ammonia  Gas. 

{Yaryan.) 


Tempera- 
ture Ifabr. 

Pressure  from 

vacuum  in 
lbs.  per  sq.  in. 

Heat  of 
vaporization. 

Volume  of 
vapour  per 
lb.  cubic  ft. 

24-38 

Volume  of 

liquid  per  )b. 

cubic  ft. 

Gauge 

pressure 

per  sq.  in. 

-40 

10-69 

57967 

-0231 

0- 

-35 

12-31 

576-69 

2I-2f 

•0236 

0- 

-30 

I413 

573-69 

18-67 

•0237 

0- 

-25 

16-17 

57068 

16-42 

•0238 

1-47 

—  20 

1845 

567-67 

14-48 

-0240 

3-75 

-15 

20*99 

564-64 

12-81 

-0242 

6-29 

—  10 

2377 

561-61 

11-36 

•0243 

9-07 

-  5 

2757 

55856 

9-89 

-0244 

12-87 

0 

30-37 

555-5 

QI4 

-0246 

15-67 

+  5 

34- i  7 

55243 

804 

•0247 

19-47 

+  10 

38-55 

54935 

7*20 

•0249 

2V85 
28-23 

+  15 

4293 

54626 

6-46 

-0250 

+  20 

47-95 

543-15 

582 

•0252 

3325 

+  25 

53-43 

54003 

524 

•0253 

38-73 

+  30 

59-41 

536-9' 

4-73 

•0251 

44-71 

+  35 

65-93 

53378 

4-28 

-0256 

5  ••23 

+  40 

73-00 

530-63 

3-88 

•0257 

58-30 

+  45 

8066 

527-47 

3*53 

•0260 

65-96 

+  50 

88-96 

524-30 

3-21 

•02601 

74-26 

+  55 

97-63 

521-12 

2-93 

•02603 

8293 

460 

107  60 

517-93 

267 

•0265 

92-90 

+65 

1 1803 

515-33 

2*45 

•0266 

103-33 

+  70 

129-21 

5^-52 

2-24 

-0268 

"4-51 

+  75 

141-25 

508  29 

205 

-0270 

126-55 

+  80 

'54" 

50466 

1-89 

•0272 

139-43 

+  85 

167-86 

501-81 

I-7I 

•0273 

133-16 

+  90 

1828 

498-11 

1-61 

0-274 

168-10 

+  95 

19837 

40529 

1-48 

0*277 

183-67 

+  100 

215-14 

491-50 

1-36 

0-279 

200*44 

To  convert  degrees   Centigrade  or  Reaumur  into 

DEGREES   Fahrenheit. 

Let  F  =  degrees  Fahrenheit ;    C  =  degrees  Centigrade  \   and  R 
degrees  Reaumur. 


g  C 

F  =  ^-  +  32 


9  R 
F  =  ^—  +  32 


C  = 


5(F-32) 


R  = 


4(F-32) 
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Approximate  Allowances  per  Ton  Capacity  to  be  made  when 
Selecting  k  Machine  for  Refrigerating  Purposes. — 
Triumph  Ice  Machine  Company. 

Beer  Wort:  15  barrels  per  ton  on  Baudelot  Cooler.  One  thousand 
gallons  of  sweet  water  per  ton  from  70  to  40  d^rees.  Six  beeves, 
600  to  700  pounds  each,  per  ton.  Ten  to  twenty  hogs  per  ton.  One 
thousand  cubic  feet  of  space  per  ton  for  small  machines  up  to  2  tons. 
Four  thousand  cubic  feet  of  space  per  ton  for  machine  from  10  to  15 
tons.  Ten  thousand  cubic  feet  of  space  per  ton  for  lai^er  machines 
used  for  general  purposes. 

The  above  will  serve  as  a  guide,  but  it  must  be  borne  in  mind 
that  the  climate,  constructicm  and  exposure  of  buildings  that  are  to  be 
refrigerated,  character  of  the  insulation,  management  and  method 
of  handling  work,  all  have  to  be  taken  into  consideration.  See  also 
section  on  "  Cold  Storage." 


Table  showing  Pressure  and  Boiling  Point  of  some  of  the 
Liquids  Available  For  Use  in  Refrigerating  Machines. — 
Ledoux, 


1 

5  0-- 

Tension  of  Vapc 

)ur,  in  pounds  per  square  inch,  above 

in 

Zero. 

1 

Deg. 

Sulphuric 

Sulphur 

Ammonia. 

Methylic 

Carbonic 

Pictec 

Fahr. 

Etber. 

Dioxide. 

Ether. 

Acid. 

Fluid. 

(0 

(2) 

(3) 

(4) 

C5) 

(6,. 

(7) 

—40 

— 

— 

10-22 

— 



— 

—31 

— 

— 

»3-23 

— 

— 

— 

—22     . 

— 

556 

16-95 

II-I5 

— 

-13 

723 

21-51 

13-85 

251-6 

—  4 

I  30 

9-27 

27-04 

17-06 

292-9 

13-5 

5 

170 

1 1 76 

3367 

20-84 

340-1 

16-2 

14 

2*19 

1475 

41-58 

25-27 

393*4 

>9-3 

23 

279 

18-31 

50-91 
61-85 

304' 

453*4 

22-9 

32 

3*55 

22-53 

36-34 

520-A 

594-8 

26-9 

41 

4*45 

27-48 

74-55 

43-13 

31-2 

SO 

§'5^ 

3326 

89-21 

5084 

676-9 

36-2 

59 

684 

3993 

105-99 

59-56 

766-9 

41-7 

68 

838 

47-62 

12508 

0^*35 
80-28 

864-9 

48-1 

77 

10-19 

5639 

146  64 

97I-I 

55<> 

86 

12-31 

6637 

17083 

92-41 

1085-6 

64*1 

95 

1476 

77-64 

197-83 

— 

1207-9 

73-2 

104 

«7-59 

9032 

227-76 

— 

1338-2 

82-9 
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Table    of 


Specific    Gravities   and    Percentage   of  Ammonia. 

Carius. 


Deuces 
B«aum£- 

Specific 
Grarity. 

I-OOO 

Percentage.  | 

1 

0 

Dogreet    ■ 
Beaiun^. 

specific 
Gravity. 

•9271 

Percentage. 
194 

lO 

21 

11        1 

•9929 

1-8 

22 

•921 

21'4 

12 

•9859 

3*3      ' 

23 

•915 

234 

13 

•979 

5- 

24 

•909 

253 

H 

•9722 

6-7 

25 

•9032 

277 

'5 

•9655 

8-4 

26* 

•8974 

301 

i6 

•9589 

lo- 

27    : 

•8917 

325 

17 

•9523 

11*9 

28 

•886 

35-2 

i8 

•9459 

137 

29 

•8805 

•  • 

19 

•9395 

«5-5 

30 

•875 

•  • 

20 

1        -9333 

17-4 

•  • 

■  • 

*  Known  by  the  trade  as  29}  per  cent. 
Note. — The  specific  gravity  of  pare  anhydrous  ammonia  is  •623. 

USEFUL  DATA. 

Lbs.  per  sq.  inch  by  '070308  =  kg.  per  sq.  c/m. 

„  „  -000703  =  „     m/m. 

Tons  per  sq.  inch  by  157*49  =  yy       c/m. 

„  „  I '5749  =  »     Wna. 

Kg.  per  sq.  c/m  by   14-2332  =  lbs.  per  sq.  inch. 
Kg.  per  sq.  metre  by      '205  =  „       foot. 

Kilos  per  Sq.  M/M   into  Tons  per  Sq.  in. 


Kilos,  per 
Sq.  M/M. 

g—  Tons  per 
Sq.  in. 

16*510 

Kilos,  per 
Sq.  M/M. 

Tons  per 

Sq.  in. 

26 

46 

29'2IO 

27 

17-145 

47 

29*845 

28 

17780 

48 

30-480 

.29 

18-415 

49 

3'-"5 

30 

19-050 

50 

31-750 

31 

19-685 

5' 

32385 

32 

20-320 

52 

33020 

11 

20-955 

53 

33-655 

34 

21  590 

54 

34-290 

35 

22-225 

55 

34925 

30 

22-860 

56 

35*560 

K 

23495 

57 

36-195 

38 

24-130 

58 

36830 

39 

24765 

§9 

37*465 

40 

25-400 

60 

38-100 

4» 

26035 

61 

38-735 

i        42 

26-670 

62 

39-370 

43 

27*305 

63 

40005 

44 

27-940 

64 

40*640 

45 

28-575 

65 

1 
1 

4^*275 
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Solubility    of    Ammonia    in    Water    at    Different    Temper- 
atures.— Sims. 


Degrees 
Fahr. 


32-0 

35*6 
39*2 

42-8 

46-4 

50-0 

53*^ 
57-2 
60-8 
64-4 
68-0 
71*6 

78-8 
824 
860 
89-2 

93*2 
96-8 
ioo'4 
104-0 
107-6 
111-2 
114-8 
1 18-4 
122-0 


Sb.ofNUs 

to  lib. 
of  Water. 


Volume  of  NHs 

in~x  Volume 

of  Water. 


0-899 

1,180 

0853 

1,120 

0-809 

1,062 

0-765 

1,005 

0724 

951 

0-68A 
0-646 

898 

848 

o-6ii 

802 

0-578 

759 

0-546 

717 

0-518 

683 

0-490 

643 

0-467 

613 

0*446 

58s 

0-426 

559 

0-408 

536 

0-393 

5»6 

0-378 

496 

0-363 

478 

0-350 

459 

0338 
0-326 

444 
428 

0315 

414 

0303 

399 

0-294 

386 

0-284 

1 

373 

Defrees 
Fabr. 


125*6 
129*2 
1328 

1364 
140*0 

143-6 
147*2 
150-8 

154-4 
158*0 

161-6 

165*2* 

168-8 

172-4 

176-0 

179-6 

183*2 

1868 

190*4 

194*0 

197-6 

201-2 

204-8 

208-4 

212-0 


Sb.ofNHn 

V«4umeofNUs 

to  X  lb.  of 

in  z  Volume 

Water. 

of  Water. 

0274 

359 

0-265 

348 

0*256 

336 

0*247 

324 

0*238 

3'2 

0*229 

301 

0*220 

389 

0*211 

277 

0*202 

265 

0*194 

254 

0-186 

244 

0-178 

234 

0-170 

223 

0-162 

212 

0-I54 

202 

0-146 

192 

0-138 

181 

0-130 

170 

0-122 

160 

O-IId 

o-ioo 

149 

»39 

0-098 

128 

0-090 

118 

0-082 

107 

0-074 

97 

•  ■ 

* . 

Solubility    of    Ammonu    in    Water    at    Different    Temper- 
atures.— Roscoe, 


lbs.  of 

lbs.  of 

Derrees 
Celsius. 

Des^ees 

NHs  to  one 

Deerees 
Ceuitts. 

Degrees 

NHs  to  one 

Fahrenheit. 

lb.  of 

Fahrenheit. 

lb.  of 

Water. 

Water. 

0 

32* 

1 
0875       . 

28 

82*4 

0-426 

2 

35-6 

0-833        , 

30 

86* 

0-403 

4 

39-2 

0*792 

32 

89-6 

0-382 

6 

42*8 

0751 

34 

932 

0-362 
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• 
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•luioj  Suiiios 

mfO«           o»0voo<n      oc*-0oo« 

mvo  r*-     oooooociN       commu^t^ 
WMN       wNcotomeo      rofocococo 

Pressure. 

•o3n«*) 
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•4)11  [osqv 
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Solubility    of    Ammonia    in    Water    at    Different    Temper- 

r 

ATURSS. — &ms. 


i 

1 

'    Deflfrees 

Fahr. 

Sb.ofNUs 
to  lib. 

1 

1 
Volume  of  NHs 
in~k  Volume 

Decrees 
Fahr. 

Sb.ofNUs 
to  X  lb.  of 

V..lumeofNUs 
in  I  Volume 

of  Water. 

of  Water. 

Water. 

of  Water. 

320 

0-899 

1,180 

125-6 

0-274 

359 

35-6 

0853 

1,120 

129-2 

0-265 

348 

39*2 

0-809 

1,062 

132-8 

0*256 

336 

42*8 

0-765 

1,005 

>36-4 

0-247 

324 

464 

0-724 

95i 

140-0 

0238 

312 

500 

o-68i 
0-640 

898 

'43-6 

0*229 

301 

53-<> 

848 

147-2 

0-220 

389 

57-2 

0-61 1 

802 

150-8 

0-21 1 

^11 

608 

0-578 

759 

154*4 

0-202 

265 

64-4 

0546 

717 

158-0 

0*194 

254 

680 

0-518 

683 

161 -6 

0-I86 

244 

71*6 

0-490 

643 

I65-2' 
168-8 

0*178 

234 

7S'2 

0-467 

613 

0-170 

223 

78-8 

0-446 

58s 

172-4 

0-162 

212 

82-4 

0-426 

559 

176-0 

0-I54 

202 

860 

0-408 

536 

179-6 

0-146 

192 

89-2 

0393 

5(6 

183-2 

0-138 

181 

93*2 

0-378 

496 

1868 

0-130 

170 

96-8 

0-363 

478 

190-4 

0-122 

160 

100*4 

0-350 

459 

194-0 

o-iij 
0106 

149 

104-0 

0338 

444 
428 

197-6 

'^2 

107-6 

0-326 

201-2 

0-098 

128 

111-2 

0315 

414 

204*8 
2o8'4 

0-090 

118 

114-8 

0-303 

399 

0*082 

107 

118-4 

0-294 

3«6 

2I2-0. 

0-074 

97 

122-0 

0-284 

373 

•  • 

•  • 

•  a 

Solubility    of    Ammonia    in    Water    at    Different    Temper- 
atures.— Roscoe. 


1 

lbs.  of 

lbs.  of 

Degrees 
Ceuius. 

Degrees 

NHs  to  one 

Degrees 
Celsius. 

NH9  to  one 

Fahrenheit. 

lb.  of 

Fahrenheit. 

lb.  of 

Water. 

Water. 

0 

32- 

1 

0-87S 

28 

82*4 

0-426 

2 

35-6 

0833 

30 

86* 

0*403 

4 

39-2 

0-792 

32 

89*6 

0-382 

6 

42*8 

0751 

34 

932 

0*362 

S3i^ 
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Solubility   of    Ammonia    in    Water    at    Different    Temper- 
atures. — Roscoe, — ( Continued, ) 


lbs.  of 

lbs.  of 

Degrees 

Cebios. 

Degrees 

NHttoone 

Degrees 

NHt  to  one 

Fahrenheit. 

lb.  of 

CeUius. 

Fahrenheit. 

lb.  of 

8 

Water. 

Water. 

464 

0713 

1 

36 

96-8 

0343 

10 

5°' 

0-679 

38 

ioo'4 

0-324 

12 

53-6 

0-645 

40 

104-0 

0-307 

>4 

57-2 

0'6l2 

42 

107-6 

0*290 

16 

608 

0582 

44 

1         III-2 

0275 

i8 

644 

0554 

46 

II48 

0-259 

20 

68- 

0-526 

48 

118-4 

0-244 

22 

71-6 

0499 

50 

122- 

0-229 

24 

75-2 

0-474 

52 

125-6 

0-214 

26 

788 

0449 

54 

129-2 

0-200 

56 

• 

1328 

0-186 

Strength  of  Liquor  Ammonia. 


Percentage  of 

Ammonia  by 

Weight. 

Specific  Gravity. 

Degrees  Beaume, 
Water,  10. 

0 

i-ooo 

10 

2 

0986 

12 

4 

0979 

13 

6 

0.972 

14 

8 

0.966 

'5 

10 

0^960 

16 

12 

0-953 

I7-I 

H 

0945 

18-3 

16 

0938 

19-5 

18 

0-931 

20-7 

20 

0925 

217 

22 

0-919 

22-8 

24 

0-913 

23-9; 

26 

0907 

24-8 

28 

0-902 

257 

30 

0-897 

26-6 

32 

0892 

27-5 

34 

0-888 

28-4 

36 

0884 

293 

38 

0880 

302 

■< 
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Yield,  etc.,  of  Anhydrous  Ammonia  from  Ammonia 

Solutions. — Redwood, 


SOLUTION 

■ 

ANHYDROUS    AMMONIA. 

Weight  of  Ice. 

— 

0    S  « 

0 

• 

"^ 

0  a 

E2  0 

^  , 

^, 

0 

**  u«<-    . 

•3.2 

.  A 

.  ^i 

|1 

lbs. 
per  Gallon. 

Boiling  P 

Volume  of  Gas  (a 

and  Atmospheri 

in  one  volume  0 

tton. 

lbs.  in  one  ga 
the  Solut 

Per  cent 
Volum( 

Per  cent 
Weigh 

347          7-09 

26° 

494 

3077 

595 

43*4 

.   32-8 

7-«7 

38° 

45b 

2-841 

54*9 

39*6 

310 

7-25 

50° 

419 

2-6IO 

507 

36-0    , 

29*0 

7*34 

02° 

382 

2'379 

46*0 

325 

27*2 

7-42 

74° 

346 

2-156 

41*7 

29*1 

260 

7-48 

83°  1 

320 

1*993 

38*5 

26*6 

256 

7-50 

86° 

3" 

1*937 

37*5 

25*8 

23  7 

7-59 

98° 

277 

1726 

33*4 

22-8 

22*2 

767 

110° 

'      244 

I  520 

294 

197 

Temperatures    to    which    Ammonia    Gas    is    raisfj)    by 

Compression. 


Temperature 
of  Suction. 


o'*  Fahr. 


Absolute 

Con> 

densing 

pressure. 


90 
100 

no 
120 
130 
140 

150 
160 


ABSOLUTE    SUCTION    PRESSURE. 


20 


25 


30 


35 


40 


45 


199 

165 

I3S 

116 

98 

216 

181 

153 

131 

'13 

232 

196 

166 

145 

126 

245 

211 

i8[ 

158 

138 

261 

222 

193 

169 

150 

273 

235 

205 

181 

161 

285 

246 

216 

191 

171 

,  296 

1 

257 

226 

202 

181 

83 

97 
109 

121 
132 
143 
'53 
163 


53* 
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Temperatures  to  which  Ammonia  Gas  is  Raised  by 

Compression. — {Continued. ) 


\                              AbMlote 

ABSOLUTE  SUCTIO:^  : 

PRESSURE.   1 

Temperfttnre    Con- 

1 

i 

of  boction.    deosiii; 

pressure 

1 

20 

»5 

30 

35 

40 

45 

5*  Fahr.     qo 

266 

172 

«45 

"3 

104 

89 

1    lOO 

223 

186 

160 

.  138 

"9 

'03 

no 

239 

T,i 

i  '2i 

i5« 

1  '32 

«»5 

I20 

M 

188 

.  163 

'45 

'  127 

«30 

230 

.  200 

176 

'  '56 

'39 

140 

\    281 

242 

'  212 

188 

!  '67 

150 

150 

:  *93 

254 

223 

198 

.  178 

■  160  t 

160 

305 

265 

234 

209 

188 

170 

lo"*  Fahr.     90 

213 

178 

«S' 

129 

no 

96 

lOU 

:  231 

«95 

167 

144 

'25 

109 

no 

■  ^i" 

210 

181 

158 

'39 

122 

120 

•  261 

> 

226 

'  195 

171 

'5' 

134 

IjO 

^l^ 

237 

207 

183 

163 

'45 

140 

289 

250 

;  219 

'95 

'74 

156 

150 

301 

262 

1  231 

205 

185 

'  167 

160 

■  m 

273 

241 

216 

'  '95 

;  176 

15"*  Fahr.     90 

'  221 

185 

158 

«35 

'■    "7 

lOI  ; 

100 

:  238 

202 

*Z3 

i5» 

:  '3' 

IS 

110 

i  ^54 

1  217 

188 

,  '^4 

'45 

120 

269 

;  233 

202 

178 

'58 

140 

*30 

2S3 

.  245 

214 

191 

t  170 

152 

140 

297 

i  ^57 

226 

1  202 

181 

'63 

.   '1° 

309 

269 

238 

213 

192 

'Z^ 

'   160 

321 

;  281 

249 

223 

202 

'83 

20*  Fahr.  ,   90 

228 

■  192 

■  164 

141 

'23 

106 

100 

245 

209 

1  180 

157 

'37 

121 

no 

262 

■  224 

,  '95 

'71 

150 

'34 

120 

277 

240 

209 

.85 

164 

146 

■   130 

1  291 

252 

222 

1 

'97 

176 

158 

!   140 

'  305 

■  265 

234 

209 

188 

169 

.   150 

317 

277 

245 

220 

198 

180 

160 

329 

288 

;  256 

230 

209 

190 

25*  Fahr.  \        90 

23s 

199 

171 

148 

129 

in 

100 

252 

216 

187 

163 

144 

'27 

no 

269 

230 

.  200 

178 

'55 

140 

120 

284 

247 

1  216 

191 

'V 

'P 

130 

299 

259 

.  229 

204 

183 

165 

140 

3^3 

271 

241 

216 

'9* 

176 

ISO 

325 

284 

253 

227 

205 

187 

160 

338 

296 

264 

'  237 

216 

'97 
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Temperatures  to  which  Ammonia  Gas  is  Raised  by 

Compression. — {Continued.) 


Absolute 

ABSOLUTE    SUCTION    PRESSURE. 

Temperature 
of  Suction. 

Con- 
densing 

pressure. 

20 

25 

30 

35 

40 

45 

yf  Fahr. 

90 

242 

206 

177 

154 

134 

n8 

100 

260 

223 

«93 

170 

150 

»33 

no 

277 

239 

208 

184 

164 

147 

1 

120 

292 

255 

223 

198 

177 

»59 

'30 

307 

267 

236 

2n 

190 

171 

140 

321 

280 

248 

223 

201 

183 

150 

334 

292 

260 

234 

212 

'93 

160 

34^ 

304 

271 

245 

223 

203 

32"  Fahr. 

90 

245 

209 

179 

157 

'37 

121 

100 

263 

225 

196 

'y 

153 

135 

no 

280 

241 

in 

187 

167 

149 

120 

295 

256 

226 

201 

180 

162 

130 

310 

270 

239 

213 

192 

'Z^ 

14P 

324 

283 

25 » 

226 

204 

185 

• 

150. 

337 

295 

263 

237 

2'5 

196 

160 

350 

307 

274 

248 

22b 

206 

35'  Fahr. 

90 

249 

213 

182 

160 

141 

124 

ICO 

268 

229 

200 

176 

156 

139 

no 

286 

2^6 

260 

215 

191 

•  'Z° 

'53 

120 

300 

230 

205 

184 

166 

«30 

315 

274 

245 

217 

196 

178 

140 

329 

288 

^5§ 

230 

208 

189 

150 

341 

3CO 

268 

241 

219 

200 

160 

354 

352 

279 

252 

230 

210 

Metric  System. 

The  Unit  of  Weight  is  the  Gramme  =   56438  drams. 

The  Decagramme 
Hectogramme 
Kilogramme 
Myriagramme 
Metric  Quintal     . 
Millier 
Decigramme 
Centigramme 
Milligramme 

A  Cubic  Centimetre  of  distilled  water  at  39^°  F.  weighs 

z  gramme  in  a  vacuum. 


10 

grammes 

100 

>i 

1,000 

>i 

10 

kilogrammes 

100 

» 

1,000 

>> 

-h-  < 

of  a  gramme 

106^ 

» 

TO^O  0 

99 

536 


Properties  of  Saturated  Ammonia  Gas. 

De  Volson  Wood  and  Geo.  Davidson. 


dii 


3 

o 


1^ 


2  8  ..5 


=    O* 


lie 
<  c5 


— 4-OI 

10-69 

-2-39 

12-31 

-0-57 

i4-«3 

+  1-47 

16-17 

3-75 

18-45 

b'29 

2099 

9*10 

2380 

12*22 

26*92 

15-67 

30-37 

1946 

34-16 

23-64 

3834 

28-24 

42-94 

3325 

47*95 

3»-73 

53*43 

44-72 

59*42 

51*22 

58-29 
65-96 

74*26 
83*22 


92t>9 

103*33 
114-49 

126*52 
139-40 


65-92 

72*99 
8o'66 

8896 

Q7*92 

1^7 -59 
1 18  03 

129-19 

141*22 

154*10 


153  18 
ie>7-92 

183-05 

200*42 

218-28 

237-27 
258*7 

275-79 
301*46 

325  72 

35046 

377-52 

405*79 

435*5 
466-84 

49970 

534-34 


-40 

420*66 

—35 

42566 

-30 

430-66  . 

-25 

435*66 

—  20 

440*66 

-15 

445*66 

~IO 

45066 

—5 

455-66 

0 

460 '66 

1     +5 

465*66  1 

I       xo 

4;o-t)0 

15 

475-66 

20 

480*66 

25 

485-66 

?o 

490-66  ' 

35 

495*66  . 

40 

500*66  ; 

45 

505*66  . 

50 

510*66 

55' 

5»5-66 

60 

520*00 

65 

52566 

70 

530*60 

75 

535*66 

80 

540*66 

85 

545*66 

90 

550*66 

95 

555-66 

100 

560*66 

>o5 

56566 

8  "'Sis 

u-!= 

579-67 
576*68 

573-69 
570*68 

567*67 
564*04 

561*61 

558*56 

555*50 
552*43 


549-35 

546-26 

543- '5 
540*03 
536-91 


533-78 
55063 

527-47 

524-30 
521*12 

5*793' 

5»4-73 
511*52 

508*29 

505:05 

501  •»  I 

498*55 
495*29 

492-01 

48872 


251-97 

no 

s  70*06 

485-42 

1-203 

272-14 

"5 

575*66 

482*41 

1-121 

293-49 

120 

58066 

478-79 

1*041 

316-16 

»25 

585-60 

475*45 

9699 

340-42 

»30 

590-66 

472*11 

9051 

3^5- it> 
392-22 

420-49 

450-20 

481*54 
5»4-5o 
54904 


»35 
140 

145 
150 

«55 
160 

165 


595-66 
600-66 
605-66 
610*66 
615*66 
620*66 
625*66 


468*75 
465-39 
462*01 
458-62 
455-22 
451-81 

448*39 


•8457 
*79io 

•7408 
-6946 
■65 1 1 
-6128 

•5765 


-5649 
-6 1 20 

-6622 

•7 '53 
•7757 
8312 
-8912 
•9608 
•0310 
•1048 

•1824 
-2642 

-3497 
•4396 
-5358 
-6318 

•7344 


0283 
•0285 
-0287 
-0289 
-0291 

•0293 
•0295 
*0297 
•0299 
•0302 

-0304 
•0306 


^  Ei*s 


42*589 
42*337 

42-123 

41-858 

4'*6iS 

4«-374 

4i*>35 
40*900 

40-650 

40-404 

^0*160 
39*920 
39-682 

39*432 
39*200 

38*940 
38-684 
38*461 
38*226 

37*994 


37736 
37*481 
37230 

36*995 
36-75' 

36509 
36-258 

36-023 
35*778 


One  atmosphere  in  this  table  is  equal  to  a  pressure  of  a  column  of  mercury 
29*9  ins.  high. 
Specific  heat  of  ammonia  gas  and  vapour  at  constant  pressure    .      =  0*508 

The  same  at  constant  volume =  0*3913 

Weight  of  I  cubic  ft.  liquid  ammonia  at  32°  Fahr.     .         .        .      =  39*108  lbs. 

Volume  of  i  lb.  liquid  ammonia  at  32°  Fahr 0-02557  cu.  ft. 

Specific  heat  of  liquid  ammonia         .        .        .         *=  1-01235  +  0*008378  t, ', 
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Comparison  between  the  Scales  op  Centigrade  and 
Fahrenheit  Thermomruers. 


Centigrade. 

-73 

Fahrenheit. 

Centigrade. 

Fahrenheit. 

—  1000 

-24 

— 11*2 

-72 

-97-6 

-23 

-  9*3 

-71 

-95-8 

-22 

—  7'6 

-70 

-940 

—  21 

-  5-8 

.69 

—  92*2 

—  20 

-  40 

-68 

-904 

-19 

—    2'2 

-67 

-88-6 

-18 

-    0-4 

-66 

-86-8 

-17 

+   1-4 

-65 

-850 

-16 

+    3*2 

-64 

-832 

-15 

"^  f  2 

-63 

-81-4 

-14 

+  6-8 

-62 

-79-6 

-13 

+  8-6 

-61 

-77-8 

-12 

+  10-4 

-60 

—  760 

—  n 

+  12*2 

-59 

-74-2 

- 10 

+  14-0 

^58 

-72-4 

""  2 

+  15-8 

-57 

-707 

-  8 

+  17*6 

-56 

-68-8 

-  7 

+  19-4 

-55 

—67*0 

-  6 

•i-2r2 

-54 

-65-3 

-  5 

+  23-0 

-53 
-52 

ztn 

-  4 

-  3 

+  2A-8 
+  26*6 

-5' 

-59-8 

—  2 

+  28-4 

-50 

-580 

—  I 

+  30*2 

-49 

—56-2 

—  0 

+  32*0 

-48 

-54-4 

+   1 

+  33-8 

-47 

-52-6 

+  2 

+  35-6 

-46 

-508 

+  3 

+  37*4 

-45 

-49-0 

+  4 

+  39-2 

-44 

-47-2 

■^  5 

+  410 

-43 

-454 

+  6 

+  42-8 

-42 
-41 

-43-6 
-41-8 

+   7 
+  8 

+  446 
+  46-4 

-40 

—  JOO 

+  9 

+  482 

-3P 

—38*2 

+  10 

+  500 

-38 

-  J6'4 

+  11 

+  518 

-37 

-;4-6 

+  12 

+  53-6 

-30 

-328 

+  13 

+  55-4 

-35 

-310 

+  14 

+  57-2 

-34 

—  29*2 

+  15 

l^% 

-33 

-27-4 
-25-6 

+  16 

-32 

+  17 

+  62'6 

-31 

-238 

+  18 

+  64-4 

-30 

—  220 

+  19 

-I-66-2 

-29 

—  20-2 

+  20 

+  680 

-28 

-18-4 

+  21 

+  69-8 

-27 

~i6-6 

+  22 

+  7»'6 

-26 

-14-8 

+  23 

+  73*4 

-25 

-13-0 

4-24 

'I75-2 
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Comparison  of  Various  Hydrometer  Scales. — Yaryofi, 


Specific 

Gfavities. 

■ 

u 

5. 

"5 

_y 

• 

1 

e 

• 

10 
1 

B 

si 
I"? 

1^ 

1. 

^ 

Id  ^ 
•ig  d. 

to 

& 

3 

H 

Si 

"3  q 

1 

0 

■n 

■ 

ei 

!  < 

1 

■ 

r       li 

8    & 

o 

p 

Li* 

S- 

0 

1*000 

I '0000 

o*o 

o*o 

0*0 

0*0 

0*0 

o*o 

I 

1*007 

1*0070 

0*7 

1-4 

2*8 

1-2 

1*8 

o*4 

2 

1*014 

I -0140 

1-4 

2*8 

5*5 

2-3 

3-6 

«*4 

3 

I -021 

I02I5 

2*1 

4*2 

8-2 

3*5 

54 

2*1 

4 

1*028 

1*0285 

2-8 

5*6 

10*9 

4-6 

7*1 

27 

5 

1036 

1*0380 

3-6 

7*2 

139 

59 

9*o 

3-5 

6 

»<M3 

10435 

4*3 

8*6 

16*5 

7*o 

10*7 

^'£ 

7 

I  051 

1*0510 

51 

10*2 

19*4 

8-3 

12*6 

4*8 

8 

ioq8 

10585 

5-8 

11*6 

21*9 

93 

14-3 
16*1 

5-5 

9 

1-066 

1-0665 

6*6 

13*2 

24*8 

10-4 

6*2 

lO 

1*074 

10745 

7*4 

14-8 

275 

117 

18*0 

6-9 

It 

1*082 

1*0825 

8*2 

16-4 

303 

12*9 

19*8 

7-6 

12 

1*090 

1-0905 

9*o 

18-0 

33 -o 

14*1 

21*5 

!'^ 

'3' 

1*098 

1-0990 

9-8 

19-6 

360 

15*2 

233 

8*9 

«4 

1*107 

1-I075 

10*7 

21-4 

390 

164 

25-2 

97 

»5 

1*115 

1-1160 

II-5 

230 

41-3 

176 

27-0 

10-3 

i6 

I -124 

11245 

12*4 

248 

44-2 

18*8 

28-9 

ii-o 

17 

I  133 

I- 1335 

133 

26*6 

465 

20*0 

307 

117 

i8 

1*142 

I  1425 

14-2 

28*4 

497 

21-2 

32-6 

12-4 

>9 

1*151 

i'5'5 

151 

302 

52-5 

22*3 

34-4 

'^i 

20 

1*160 

1. 1607 

i6-o 

320 

55*2 

235 

36-2 

138 

21 

1*169 

1*1705 

169 

33*8 

57-8 

24*6 

38*0 

14-5 

22 

1*179 

11795 

179 

35-8 

60-7 

258 

40*0 

15*2 

n 

i*i88 

1-1895 

18-8 

37*6 

633 

26-9 

417 

10*5 

24 

1-198 

1*1995 

19-8 

39*6 

66*1 

28-1 

43*6 

25 

1*208 

1*2095 

20-8 

41*6 

68-9 

293 

455 

17*2 

26 

1*218 

1-2195 

21*8 

43*6 

71*6 

304 

47-3 

17-9 

^2 

1*229 

1*2300 

22*9 

45-8 

74-5 

3»  7 

494 

18*6 

28 

1*239 

1*2405 

239 

47-8 

77-2 

i2'S 

51*2 

19*3 

29 

I  "250 

1-2515 

250 

50*0 

793 

34-0 

53-2 

20*0 

30 

1*261 

1*2625 

26*1 

52*2 

82-8 

35-2 

55  » 

207 

3» 

1*272 

1-2735 

27*2 

54*4 

'^■l 

36-4 

570 

21*4 

32 

I  283 

1*2850 

28*3 

566 

^rs 

589 

22-1 

33 

■  ''*?§ 

1*2960 

295 

590 

91-1 

388 

609 

22-8 

34 

1-306 

1*3080 

306 

6l'2 

937 

39*9 

62-7 

234 

35 

i-3f8 

1*3200 

318 

636 

96*5 

41- 

0 

647 

241 
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Comparison  of  Various  Hydrometer  Scaled.— Far^aw. — 

'   '    '  -  {Continued). 


specific  Gravities. 

■ 

JC 

&»  '0 

•c 

■ 

A^- 

■ 

• 

to 

^      «L 

i 

i 
36 

1 "     « 

1^ 

3 

Si 

Y 

•I 

1 

• 

51. 

-3^       »< 

•**  r*  IX 

i   ^ 
1* 

66-7 

1-330 

13320 

33-0 

660 

99-2 

42-2 

24-8 

P 

1-342 

1-3445 

34*2 

68'4 

101-9 

43-3 

68-6 

25*5 
26-2 

1-355 

1*3570 

35-5 

71-0  ,    104-7 

446 

70-7 

39 

1-368 

1-3700 

36-8 

73-6 

107-6 

45-8 

72-7 

26-9 

40 

1-381 

1*3830 

38-1 

'^1 

1 10-3 

469 

74*7 

27-6 

41 

1*394 
1*408 

1*3955 

39*4 

78-8 

"3-5 

480 

76-7 

283 

42 

1-4100 

40-8 

8i-6 

115-9 

493 

78-8 

28-9 

43 

1*421 

1-42  JO 

1-4380 

42-1 

84*2 

118-5 

50-4 

8o-8 

29-6 

44 

1-436 

43-5 

87-0 

121-3 

5''5 

82-9 

30-3 

45 

1-450 

1-4525 

45-0 

90-0 

124-1 

52-8 

!5' 

31*0 

45 

1-465 

'•4675 

4^5 

930 

126-7 

53*9 

87-2 

317 

47 

1-479 

1-4827 

48-0 

960 

129-7 

55- 1 

89-4 

324 

48 

1-495 

1-4980 

49-5 

990 

132-4 

563 

91*5 

33*1 

49 

1-510 

i*5'35 

51*0 

102 -O 

135-1 

57-4 
58-6 

93-6 

33*8 

50 

1*526 

1-5300 

52-6 

105-2 

137-9 

•  • 

34*5 

SI 

1-542 

1*5460 
I  5630 

54*2 

108-4 

140-6 

59-8 

•  • 

35-2 

52 

1*559 

55*9 

1II-8 

143-4 

6i-o 

•  • 

359 

53 

1*576 

i-5«oo 

57-6 

115-2 

146-2 

62-2 

•  • 

36-6 

54 

1-593 

1-5965 

59*3 

1 18-6 

148-9 

633 

•  • 

37*2 

55 

1-611 

1-6150 

61-1 

122*2 

i5<*7 

64-5 

•  • 

37-9 

56 

1-629 

1-6335 

62-9 

U5-8 

154-5 

65-7 

•  • 

38-6 

57 

1-648 

1-6520 

64-8 

129-6 

157-3 

66-9 

•  • 

393 

58 

1-666 

1-6715 

66-7 

133-4 

160-0 

68-0 

■  • 

40-1 

59 

1-686 

1-6910 

6S-6 

13/2 

162-8 

69-2 

a   • 

40-7 

60 

1-706 

r.7110 

70-6 

I4I-2 

165-5 
168-3 

70-4 

•  » 

41-4 

61 

1-726 

1-7315 

726 

145-2 

71-5 

•  • 

42-1 

63 

1*747 

1-7525 

7f'Z 

149-4 

171-0 

72-7 

•  • 

42-8 

^3 

1-768 

1-7740 
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153-6 

173-8 

73-8 

«  • 

43-4 

64 

1-790 

1-7950 

79-0 

158-0 

176-5 
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•  • 

441 

65 

1-812 

1-8185 

81-2 

162-4 

179-3 
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•   • 

44*8 
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1-835 

1-8420 

83-5 

167-0 

182-0 

77-4 

•   • 

45*5 

67 
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1-883 

1-8660 

859 

171-8 

184-8 

786 

•  • 

462 

68 

1-8910 

88-3 

176-6 

187-5 

79-7 

•  • 

469 

69 

1-907 

1-9151 

90-7 

'5''i 

190-2 

809 

•  • 

47-6 

70 

1-933 

I-9410 

93*3 

186-6 

193-0 

82-1 

•  « 

483 

7«-5 

2-000 

2-0085 

loo-o 

200-0 

200-0 

85-0 

•   • 

50-0 
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PRESSU&R  OF  Water. 

Worthingtom  Pum^g  Engine  Company, 

The  pressure  of  water  in  poonds  per  sqnare  inch  for  eveiy  foot  in  beii^ht 
to  270  ft.  By  this  Table,  from  the  pounds  pressnte  per  sqnare  inch  the 
feet  head  is  readily  obtained,  and  vice  versd. 


I 


I 

2 

3 

4 

5 
6 


9 
10 

II 

12 

13 
14 

\l 

18 

19 
20 

21 

22 

23 

H 

25 

26 

27 
28 

29 
30 
3' 
32 
33 
34 

3^ 

38 

39 
40 

41 
42 
43 

44 
45 


0-43 
o*86 

I '30 

173 
2-l6 

259 
303 
346 

3-89 

4*33 
476 

5*20 

5*63 
606 

6-49 
6*9 

7*3 

7  79 
8*22 

8-66 

909 

9*53 
9.96 

0*39 
0-82 

1*26 

1*69 

2*12 

2-55 
299 

342 
3*86 
4-29 

472 
5*i6 

5*59 

6"02 

645 
6-89 
732 

775 
819 

862 

9-05 
9'49 


to 


46 

47 
48 

49 
50 
5» 
52 

53 
54 
55 

56 

58 

59 
60 

61 

62 

63 
64 

<>5 
66 

67 
68 

69 

70 

71 

72 

73 

74 

75 
76 

77 
78 
79 
80 
81 
82 

83 
84 

85 
86 

87 
88 

89 
90 


§0 

i 


I 


19*92 
20-35 

20*79 
21*22 
21-65 
22*09 
22*52 

22*95 

2339 
23*82 

24*26 

24*69 

25*12 

25*55 
25*99 

26*42 

2685 

2729 

2772 

28-15 

28*58 

29*02 

29-88 

30*32 

3075 
31*18 

31*62 

32*05 

32-48 
3292 

33*35 
33*78 
34*21 
34*65 
3508 

35*52 
35*95 
36-^9 
36-82 

37*25 
37-68 
38*12 

38-55 
39*98 


t 

8 

P4 


91 
92 

93 
94 

97 
98 

99 
100 

lOI 

102 

103 
104 

106 
107 
108 
109 
no 
III 
112 

"3 
114 

"5 

116 

i»7 
118 

119 

120 

121 

122 

"3 

124 

»25 
126 

127 
128 
129 

<30 

131 
132 

133 
U4 
135 


39*42 
39*85 
40*28 
40-72 

41-15 
41*58 

42-01 

42-45 
4283 

43*3' 
43*75 
44-18 
4461 

45*05 
45*48 
45-91 

4634 
4678 
47*21 
47*64 
48*08 

48*51 
48*94 
49*38 
49*81 

50-68 
51*11 

5 1-54 
51*98 
52-41 

52-84 
53*28 

53*71 
S4-15 
54*58 
55*01 

55*88 

563  i 
5674 
57*18 
57-61 
58-04 
58*48 


36 

37 
38 
39 
40 
41 
42 

43 

44 

45 
46 

47 
48 
49 
50 

51 
52 
53 
54 
55 
56 

58 

59 
60 

61 

62 

63 
64 

^§ 
66 

67 
68 

69 
70 

71 
72 
73 

74 
75 
76 

77 
78 

79 
80 


h 


58-91 
59*34 

59*77 
60*21 

60*64 

61*07 

61*51 

6f*94 

62*37 

62*81 

6324 

63*67 
64*10 

64-54 
6497 
65-49 
65*84 
66-27 
66-70 

67  14 
67-57 
68*00 

68-A3 
68-87 

69*31 
6974 

7017 
70'6i 
7104 

7«-47 
71-91 

72*34 
72*77 
73*20 

73*64 
74*07 
74*50 
7494 

75*37 
75*80 
76  23 
76-67 
77*10 

77*53 
77*97 


81 
82 

83 
84 

86 

87 
88 

89 
90 

91 
92 
93 
94 

95 
96 

97 
98 

99 
200 

20T 

202 

203 

204 

201 

24 

207 
208 
209 

210 
211 
212 

213 

214 

215 
216 

217 
218 

219 

220 

221 

222 

223 

224 

225 


too 


£.S 


I 


78 

78 

79 

79 
80 

80 

81 

81 

81 

82 

82 

P 
83 

84 

85 
86 

86 

87 
87 
87 
88 
88 

89 
89 
90 

90 
90 
91 
91 
92 
92 
93 
93 
93 
94 
94 
95 
95 
96 
96 
97 
97 


•27 
•70 

•'4 

*57 
•00 

■n 

•30 
73 

•17 
•60 

•03 

*47 
•90 

•33 
•76 
•20 

63 
07 
50 

1 

•23 
66 

*io 

53 
96 

-39 
•83 

*26 

•69 

•'3 

56 

•99 

•43 
86 

•30 

*73 
•16 

59 
-03 
*46 


226 
227 
228 
229 
230 

23' 

232 

233 
234 

235 

236 

237 

238 

239 

240 

241 

242 

243 
244 
245 

246 

247 
248 

249 
250 

251 

252 

253 
254 
255 

256 

257 

258 
259 

260 
261 
262 
263 
264 
265 

266 

267 

268 

269 
270 


£.2 

h 


97.90 

9833 
98*76 

99*20 

99-63 

oo*o6 

00-49 
00-93 
01*36 
01 -79 
02*23 
02-66 
0309 

03*53 
03-96 

C4-J9 

04*83 

05*26 

05-69 

06*13 

06*56 

0699 

tm 

08*29 

08*73 
09*16 

0959 
10*03 

10*46 

10*89 

11*32 

ii-;6 
12-19 
12*62 
13*06 

13-49 

»3-92 

H36 

'4*79 
15-22 

1566 

16*09 

16*52 

16-96 
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DiAMRTSRS,  A&KAS,  AND  DiSPLACRMXNTS. 
Worthington  Pumping  Engine  Company. 


ini 


a 


Q.20  0 

11-297 
ir6i2 
:i927 
12-247 
12-571 
12*900 

13*232 

13569 
14*256 

14*960 

15-681 

I  §'420 

17-176 

» 7-945 

i8'735 

19539 
20-364 

21-202 

22*062 

22-935 
23-824 

24732 
25-656 
26598 
27-567 

28533 
29-522 

30533 
32607 

34741 

36-949 
39-221 

41-562 

43*973 
46*448 

48-993 
51-607 

54259 
57037 

59-849 

62735 
65-686 

68-688 
71794 


In  estimating  the  capacity  of  Worthington  (and  other  duplex)  Pumps 
(1.^.,  the  delivery  in  gallons  per  minute  or  per  hour)  at  a  given  rate  of 
piston  speed,  it  should  be  noted  that  they  have  two  double-acting  water 
plungers :  the  capacity,  therefore,  is  double  that  of  any  ordinary  double- 
acting  pump  of  same  size,  or  four  limes  as  large  as  a  single-acting  pump.  ' 


5+* 
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Table  of  .Pow£&  rsquired  to  raise  Watee  frok  Deep 

Wells. — Appleby, 


Gallons  of  water  nused  per  hour 
Height  of  lift' for  i  man  working 

on  crank,  in  feet 

Height  of  lift  for  i  donkey  work* 

ing  on  gin,  in  feet  .... 
Height  of  lift  for  i  horse  working 

on  gin,  in  feet 

Height  of  lift  for  i  horse-power 

steam  engine,  in  feet     .    .    . 


200 

350 

500 

650 

800 

1,000 

90 

52 

36 

28 

22 

18 

180 

102 

72 

56 

45 

36 

630 

357 

252 

196 

154 

126 

990 

561 

396 

308 

242 

198 

Table  giving  Quantity  of  Water  discharged  per  Minute  bt 

Barrel  PuMPs.^Zf»^ff. 


iameter 
\  pump. 

Single  barrel. 

Double  barrel. 

Treble  barrel. 

Length 

of  stroke. 

30  strokes 

40  strokes 

30  strokes 

40  strokes 

30  strokes 

40  strokes 

Qo 

per  min. 

per  min. 

per  min. 

per  min. 

per  min. 

per  min. 

Itiches. 

Inches. 

Galls. 

Galls. 

Galls. 

Galls. 

Galls. 

Galls. 

»i 

9 

IJ 

2i 

Si 

S* 

.    4i 

6t   . 

2 

9 

3 

4. 

t> 

9 

12 

2^ 

9 

4 

• 

6i 

9I 

12 

14 

19 

3, 

9 

^ 

. 

9 

13} 

18 

20 

27 

3i 

9 

9 

k 

12J 

10} 

25 

28 

37 

4 

9 

12: 

\ 

16 

24J 

32 

36 

tl 

4i 

9 

153 

' 

20* 

32 

42 

46 

5, 

9 

»9 

25* 

3^ 

50 

^ 

76 

1* 

9 

23 

■ 

32 

46J 

62 

92 

6 

9 

27] 

■ 

37 

55 

73 

.82 

no 

2 

10 

3 

, 

4» 

6 

9 

10 

13 

2i 

10  . 

5; 

k 

7 

10 

H 

15 

22 

3, 

10 

7; 

■ 

10 

tS 

20 

22 

30 

3i 

10 

10 

f 

I3f 

20 

27 

32 

42 

4, 

10 

n\ 

t 

18 

27 

36 

40 

'et 

4i 

10 

17 

li 

34 

*5 

52 

5. 

10 

22 

42 

it 

63 

84 

§^ 

10 

25J 

34 

51 

.77 

IQ2 

6 

10 

30} 

40 

62 

82 

92 

122 

2 

12 

4 

1 

8 

10 

12 

X6 

2i 

12 

61 

12 

17 

19 

25 

3, 

12 

9 

12 

18 

24 

27 

36 

3i 

12 

12^ 

1 

16 

24 

33 

37 

50 

4 

12 

I^ 

22 

32 

43 

n 

§5 

4i 

12 

20 

27 

42 

15 

82 

5, 

12 

25 

33 

50 

68 

76 

too 

|i 

12 

30 

42 

62 

82 

92 

123 

6 

12 

3H 

49 

73 

97 

no 

146 

6J 

12 

43 

57 

86 

114 

129 

172 

7 

12 

SO 

66 

TOO 

134 

149 

199 

7i 

12 

57 

76 

114 

152 

171 

229 

8 

12 

65 

87 

130 

174 

19s 

262 

9    ' 

12 

82 

no 

165 

220 

246 

330 

10 

12 

102 

134 

202 

268 

303     . 

^ 

M 

12 

146      \    195 

294 

390 

440 
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Hydraulic  Ram  Proportions  of  the  Supply  Pipes  and 
Delivery  Pipes  to  the  number  of  Gallons.— ^ii«toi». 


Nnmber  of  gallons  to  be  raised 
in  24  hours 

Diameter  of  fall  or  supply  pipe, 
in  inches 

Diameter  of  rising  main  or  de- 
livery pipe,  in  inches     .    .    . 


500 

1,000 

2,500 

4,000 

6,000 

Ij 

2 

^\     1 

3 

* 

4 

i 

I 

IJ 

2 

2 

Efficiency  of  Hydraulic  Rams. — Hutton, 


Numbrr  of  times  the  height 
to  which  the  water  to  be 
raised  is  contained  in  the 
&I1 

EflSciency  per  cent. 


4 
75 


5 
7a 


68 


7 
62 


8  9X0 II 

57  53  4«  43 


la 


»3 


38,35 


n  I T I 


3« 


»5 
28 


16 
a3 


18 
17 


«9 
15 


20 


o 


Power  Required  to  Drive  Centrifugal  Pumps. 


Diameter  of  suc- 
tion and  delivery 
pipes  in  inches. 

I 

Quantity  of  water 

delivered  per 
minute,  in  gallons. 

Horse-power  re- 
foot  in  height  the 
water  is  raised. 

16 

-01 

2 

50 

•02 

3 

too 

•05 

4 

200 

•08 

300 

•16 

6 

>oo 

•25 

7 

700 

•35 

8 

800 

•40 

9 

lyOOO 

SO 

10 
II 

1,500 

1,800 

•75 

12 

2,000 

I'OI 

13 

2,300 

I  08 

H 

2,500 

I -20 

»5 

3.000 

I-3I 

16 
17 

3»Soo 
3,800 

1-60 
"•75 

18 

4,200 

2' 

REFRIGERATION  AND  COLD  STORAGE. 


The  frictioiiBl  loss  is  great) j- increased  by  bends  or  irreipilarities  in  Ihe  pipes. 


USEFUL  TABLES  AND  MEMORANDA. 


Dimensions,  etc.,  of  Standard  Wrought-Iron  Pipes. 


h 

a 

m 

i 

Ii 

|1 

JS 

1!  ^pl 

i 

■Bi 

■SE 

h 

Is 

I 

^ 

<5^ 

k 

■*7 

■ao      — 

■40 

0-0572 

1-171 1  9-44 

-24 

H 

■36 

■jq  i     — 

"54 

0-1041 

1-696  !  7-075 

■42 

18 

■Z 

-41   ■     _ 

■67 

o-.?6 

S-6S7 

't 

18 

■54  1 

*4 

■84 

0-3048 

1-651 

4S01 

■h    14   I 

Si 

■73  ' 

42 

I -05 

05333 

3-*99 

3637 

'^, 

1-04 

;9S 

l\ 

;s 

0-§(,2? 

4-134 

1-903 

1-67 

"t 

ii 

'38 

88 

(-496 

5-i'5 

3-301 

1-15 

A 

1-49  1  i 

08 

190 

1-038 

5-969 

1-69 

"t 

106 

'  93  1  ' 

49 

1-37 

3-355 

7-461 

1-611 

3-W> 

^i 

1-46 

2-3'  !  " 

75 

fh 

4-783 

9-032 

1-338 

5-77 

8 

3 

3-06 

2-S9        Z 

il 

3'5o 

7-388 

EO'996 

1B91 

7-S4,     I     1 

3i 

3'S4 

3-35  ■  * 

7" 

4'00 

9-88: 

11-566 

0-9S5 

9-osl     8     i 

4 

4-02  1  y»t      3-13 

4SO 

12- 7 JO 

14-137 

0-849 

i 

r:  =  z 

It 

;i:ii? 

17-475 
jo-8i3 

0619 

0-577 

14-56 
187; 

8 
8 

7 

7-01 

7-M 

38-737 

I3-9S4 

0505 

33-4' 

8 

8 

7-98 

8'6i 

50-039 

17-096 

0-444 

2g-15        » 

9 

9-00 

9'68 

30433 

0-394 

34-07  1     8 

lOOI 

~  ;  - 

10-75 

33-77* 

0-355 

4064      8 

COMPARISOK  OF  BrI-HSK   MEASURES  WITH  U.  S,  STANDARDS. 
United  SUt«  St 


I  gill 
4  gills      =  I  pint 

3  pints     =  I  quart   : 

4  ([uarts  =  I  gallon  : 


■833565  imperial  gill. 
■■  -833565  ..  pint- 
•■  '833565  ..  <iuart 
■  -333565       -       gallon. 


An  imperial  gallon  =  4-5435  litres  =  119968  U.  S.  standard  gallons. 

An  imperial  gallon  contEuns  (Act  of  Parliament,  1878)  10  lbs.  of 
water  at  a  temperature  of  62"  Fahr.  Its  accepted  volume  is  277-274 
cubic  inches. 

Useful  Information-. 

A  gallon  of  water  contains  231  cubic  in.,  and  weighs  8i  lbs.  (U.  S. 
standard). 

A  cubic  foot  of  water  contains  7^  gallons,  and  weighs  62^  lbs. 

The  friction  of  liquids  and  vapours  through  pipes  increases  as  the 
square  of  the  velocity. 
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Sensible  heat  of  a  liquid  is  the  amount  indicated  by  the  thermometer 
when  immersed  in  it. 

Specific  heat  is  the  amount  of  heat  absorbed  to  produce  sensible 
heat. 

Latent  heat  is  the  amount  of  heat  required  for  the  conversion  into 
vapour  after  a  liquid  has  reached  its  boiling  point. 

The  latent  heat  of  vapour  is  given  off  whilst  condensing  to  a  liquid ; 
the  sensible  heat  is  retained. 

One  U.  S.  gallon  =  -133  cubic  ft. ;  '83  imperial  gallon ;  3*8  litres. 

An  imperial  gallon  contains  277*274  cubic  in.;  '16  cubic  ft.; 
[O'oolbs. ;  1*2  U.  S.  gallons;  4537  litres. 

A  cubic  in.  of  water  =:  '03607  lb. ;  '003607  imperial  gallon ; 
'004329  U.  S.  gallon. 

A  cubic  foot  of  water  =  6'23  imperial  gallons ;  7*48  U.  S.  gallons; 
28*375  litres;  "0283  cubic  metre;  62*35  lbs. ;  '557  cwt. ;  '028  ton. 

A  lb.  of  water  =  27*72  cubic  in. ;  'lo  imperial  gallon;  '083  U.  S. 
gallon ;  -4537  kilo. 

One  cwt.  of  water  =11-2  imperial  gallons;  13 '44  U.  S.  gallons; 
1*8  cubic  ft. 

A  ton  of  water  =  35*9  cubic  ft. ;  224  imperial  gallons ;  298*8  U.  S. 
gallons;  1,000  litres  (about) ;  i  cubic  metre  (about). 

A  litre  of  water  =  '22  imperial  gallon;  *264  U.  S.  gallon;  61  cubic 
in. ;  '0353  cubic  ft. 

A  cubic  metre  of  water  =  220  imperial  gallons;  264  U.  S.  gallons; 
1*308  cubic  yard;  61,028  cubic  in.;  35*31  cubic  ft.;  1,000  kilos;  i 
ton  (nearly);  1,000  litres. 

A  kilo  of  water  =  2*204  lbs. 

A  vedros  of  water  =  2*7  imperial  gallons. 

An  eimer  of  water  =  2*7  imperial  gallons. 

A  pood  of  water  =  3*6  imperial  gallons. 

A  Russian  fathom  =  7  ft. 

One  atmosphere  =  1*054  kilos  per  square  in. 

One  ton  of  petroleum  =  275  imperial  gallons  (nearly). 

One  ton  of  petroleum  =  360  U.S.  gallons  (nearly). 

A  column  of  water  i  ft.  in  height  =  "434  lb.  pressure  per  square  in. 

A  column  of  water  i  metre  in  height  =  1*43  lbs.  pressure  per 
square  in. 

One  lb.  pressure  per  square  in.  =j:  231  ft.  of  water  in  height. 

One  U.  S.  gallon  of  crude  petroleum  =  6*5  lbs.  (about). 
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Solutions  of  Chloride  of  Calcium  (CA  CL2). 

(Manufacturer  of  Chloride  of  Calcium^  U,S.J 


Speci&c 
Gravity  at 
64''  Fahr. 

Dv'jree 

Heaum6 

at  64° 

Fahr. 

Degree 
'  balino- 
1  meter  at 
64°  Fahr. 

Per  Cent,  of      ^^~;*;"« 

Chloride  of       D^°V  *  . 

Calcium.         I^p«|f^» 

Ammonia  Gau^e. 

Lbs.  per  square  inch 

at  Freezing  Point. 

1-007 

I 

\ 

0*943 

^ 

-31-20 

46 

1014 

2 

1-886 

- 

-30*40 

45 

I -02 1 

'  3 

12 

2-829 

- 

-29-60 

44 

1-028 

4 

16 

3-772 

-28-80 

43 

1035 

5 

20 

4-715 

- 

-28-00 

42 

1-043 

6 

24 

5-658 

- 

-26-89 

41 

1-050 

/ 

28 

6-6oi 

- 

-25*78 

40 

1-058 

8 

32 

8-487 

- 

.24-67 

38 

1-065 

9 

34 

- 

-23-56 

37 

1073 

10 

40 

9-430 

- 

-22-09 

35  5 

I -081 

II 

1      44 

10373 

-20-62 

34 

1-089 

12 

48 

11-316 

-19-14 

32*5 

1-097 

13 

52 

12-259 

-17-67 

305 

1-105 

14 

56 

13-202 

-15-75 

29 

1*114 

15 

60 

14145 
15-088 

-13-82 

27 

I-II2 

16 

64 

-11-89 

25 

II3I 

17 

68 

16-031 

-  996 

23-5 

1-140      i 

18 

72 

16-974 

-  7-68 

21-5 

I-I49     1 

19 

76 

17-917 

-  5-40 

20 

1-158 

20 

80 

18-860         -1 

-  3*12 

18 

1-167 

21 

84 

19-803         —  0-84 

15 

1-176 

22 

88 

20-746         -  4-44 

12-5 

I-I86 

1 

23 

92 

21-689         —  8*03 

10-5 

1-196     1 

24     . 

96 

22-632         —11-63 

8 

1-205     1 

25 

100 

23-575     '     -15-23 

6 

1-215     ! 

26 

104 

24-518         -19-56 

4 

1-225 

27 

108 

25-461          -24-43 

'J 

1-236     , 

28 

112 

26404     .     —29-29 

166  vacuum 

1-246     1 

29 

116 

27347         -35-30 

c66 

1-257 

30 

120 

28-290         — 41*32 

8-s« 

1-268 

3'   . 

— 

29-233         -47-66 

1266 

1-279 

32 

— 

30176    .     -54-00 

'Z 

1-290 

33 

31-119         -44-32 

IO«« 

1-302 

34 

— 

32-062         —3466 

46^ 

1-313 

35 

33-000    '     —25-00 

1-5  lbs. 

1 

, 
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Properties  of  Solution  of  Chloride  of  Calcium. 

(Prof.  Sithel,  "  Compend  of  Mechanical  Refrigeration:') 


1 
,    Percentage 
'    byWei^t. 

Specific 
Heat. 

Specific 
GraTityat 

<        6o«  Falir. 

1 

Freestnir 
Poiot 
j  Degrees  Falir. 

Freexioe 

Pobt 

Decrees  Cels. 

1             » 

0996 

1-009 

31 

—  05 

5 

0964 

1043 

275 

—  2-5 

to 

0K96 

1          1087 

22 

-    5-6 

«5         1 

0^60 

>>34 

«5 

-96 

20 

0-834 

1-182 

5 

14-8 

25 

07,0 

1-234 

-^ 

—22-1 

Table  Showing  Properties  of  Solutions  of  Chloride  of 

Sodium. 


X 

2           1 

3 

4 

5 

6 

1 

7 

Pcrccn-    1 
Uge  of  Salt- 

Pounds  of 
Salt  per 

Gallon  of 
Solntion. 

Deforces  on 
Salinometer 

Weifffatper 
Gaflon  at 

Specific 
Gravity  at 

Specific 
Heat. 

0-992 

Freezing 
Point, 

by  Weight. 

at  60°  F. 

39'»F.-4*'C. 

jQ-F.-^^C 

Fahrenheit. 

> 

0-084 

4 

• 

840      ! 

1007 

305 

2 

0169 

8 

846 

I  015 

— 

29-3 

2-5 

0'2I2 

10 

8-50 

I -019 

— 

28-6 

3 

0-256 

12 

8-53 

1-023 

— 

27-8 

3*5 

0-300 

'i 

856 

1-026 

— 

271 

4 

0344 

16 

8-59 

I  030 

— 

26*6 

5 

0433 

20 

865 

I  037 

0960 

25-2 

6 

0523 

11 

872 

'•045 

239 

1 

0-617 

878 

10S3 

22*5 

8 

0-708 

32 

'        885 

1  061 

— 

21-2 

9 

o-8o2 

3'> 

;        891 

I -068 

19-9 

10 

0897 

40 

8-97 

1-076 

0-892 

187 

1-092 

48 

9*10 

1091 

^^^^ 

16-2 

15 

1-389 

60 

9-26 

1-115 

0-855 

12-2 

20 

1-928 

80 

964 

1155 

0-829 

6-1 

24 

2-376 

96 

9-90 

IJ87 

^_ 

1-2 

25 

2-488 

100 

9-97 

'       1-196 

0-783 

•5 

2b 

2'6lO 

10-04 

I  -204 

—  l-I 

29 

^^^^ 

1 

1 

MM^a» 

—47 

To  determine  the  weight  of  one  cubic  foot  of  brine,  multiply  the  values  given  in 
column  4  by  7-48. 

To  determine  the  weight  of  salt  to  one  cubic  foot  of  brine,  multiply  the  values 
given  in  column  2  by  7*48. 
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Formula  for  calculating  the  Amount  of  Air  delivered  per 
Hour  by  Cold-Air  Machines,  when  the  Revolutions  and 
the  Size  of  the  Compressors  are  known. 

This  is  given  as  follows  by  Messrs.  Haslam  in  their  Catalogue  of 
ice-making  and  refrigerating  machinery : — 

^.    ,.    ,         ,        ,  AxNx2RxSx6o 

Air  discharged  per  hour  = r —  x  C 

1720 

Where  A  =  Area  of  each  compressor  in  inches. 
N  =  Number  of  compressors. 
2R  =  Strokes  per  minute  (or  twice  the  revolutions), 
60  =  Minutes  per  hour. 
S  =  Stroke  in  inches. 
1728  =:  Cubic  inches  in  one  foot. 

C  =  Factor  of  efficiency  which   is  taken  as   '8  for  short 
strokes,  and  85  for  long  strokes. 

Information  required  by  Manufacturers  to  enable  them  to 
estimate  for  the  cost  of  a  Refrigerating  Plant. 

1.  The  length,  breadth,  and  height  of  the  cellars,  rooms,  or  stores 
to  be  refrigerated.  If  the  ceiling  or  roof  is  vaulted,  the  height  to  the 
centre  and  spring  of  the  arch  will  be  required.  Full  particulars  of  the 
means  of  insulation  adopted;  or  if  none  exist,  of  the  materials  from 
which  the  chambers  are  built. 

2.  Whether  it  is  desired  to  refrigerate  on  the  direct  expansion  or 
on  the  brine  circulation  system. 

3.  The  temperature  desired  to  be  msdntained  in  each  chamber  or 
store. 

4.  The  nature  of  the  substance  which  it  is  desired  to  refrigerate. 

5.  In  the  case  of  a  packing  house,  or  an  abattoir,  the  largest  num- 
ber of  carcasses  to  be  cooled  daily,  and  their  average  weight. 

6.  In  the  case  of  a  freezing  chamber  for  beef,  mutton,  or  other 
produce,  the  number  of  carcasses,  etc.,  to  be  frozen  in  each  24  hours, 
and  their  average  weight 

7.  When  a  liquid  is  to  be  cooled,  the  number  of  gallons,  or  barrels, 
to  be  dealt  with  per  hour,  and  from  what  temperatiure  down. 

8.  The  nature,  quantity,  and  temperature  of  the  water  supply  avail- 
able for  use. 

9.  Rough  dimensioned  plan  of  the  establishment  showing  the  most 
convenient  spot  to  locate  the  refrigerating  machine. 
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Information  reqihred  by  Manufacturers  to  enable  them  to 
estimate  for  the  cost  of  an  ice-making  plant. 

1.  Number  of  tons  of  ice  that  it  is^  desired  to  produce  per  24 
hours. 

2.  If  clear,  crystal,  transparent  ice  is  required,  or  whether  opaque 
ice  will  do  for  the  purpose. 

3.  The  nature,  quantity,  and  temperature  of  the  supply  of  water 
procurable  for  use. 

4.  Whether  there  is  an  available  source  of  steam  supply  on  the 
premises ;  and  if  spare  steam-power,  then  how  many  horse-power  could 
be  utilised. 

5.  When  the  installation  is  to  be  erected  in  existing  buildings, 
a  rough  dimensioned  plan  of  same. 

6.  Where  an  estimate  of  cost  of  making  ice  is  required,  price  and 
quality  of  fuel ;  wages  of  engine  drivers,  stokers,  and  common  labourers, 
for  12  hours  day  work,  and  for  12  hours  night  work;  if  water  has  to 
be  bought,  cost  of  same. 

Amount  of  Water  required  in  Refrigerating  Apparatus. — 

Vulcan  Iron  Works. 

For  each  rated  ton  refrigerating  capacity  (24  hours),  allow  i  % 
gallons  of  70**  Fahr.  water  per  minute  for  ammonia  condenser. 

For  each  rated  ton  ice-making  capacity  (24  hours),  can  system,  with 
distilling  and  purifying  apparatus,  allow  3  to  4  gallons  of  70°  Fahr. 
water  p)er  minute  for  all  purposes. 

Five  to  eight  tons  of  ice  can  be  produced  for  each  ton  of  good 
coal  consumed,  depending  upon  the  size  and  care  of  plant,  etc. 

Cube  Ice. 

An  arrangement  invented  by  Mr.  Van  der  Weyde  for  cutting  ice 
into  small  blocks  or  cubes,  comprises  circular  saws  and  endless  con- 
veying bands  or  belts,  by  means  of  which  the  cut  blocks  or  cubes  are 
delivered  to  a  special  packing  table,  where  they  are  stowed  in  boxes 
for  delivery. 
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Loss  OF  Pressure  by  Friction  op  Coicpressed  Air  in  Pipes. 

F.  A.  Halsey, 


diameter  of  Pipe. 

1 

1       Cubic  fi  et  of  Free  Air  compressed  to  a  Gauee  Pressure  of  6o  lbs.  per 
Square  Inch  and  passing^  through  the  Pipe  per  Atinutc. 

SO 

75 

100 

125 

150 

200 

250 

300 

400 

600! 

i 

Loss  of  Pressure  in  Pounds  per  Square  Inch  for  each  i,oao  Feet  of 

J 

Straight  Pipe. 

1 

ins. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs.       lbs. 

lbs. 

lbs. 

lbs.        lbs. 

I 

I0'40 

li 

2-63 

5-90 

i 

i| 

1-22 

2-75 

489 

7-65 

IfOO 

1 

2 

•35 

•79 

1-41 

2' 20 

3-17 

5-^ 

878 

2i 

•14 

•32 

•57 

•90 

1*29     2^30 

3-58 

5-i« 

9*  20  ! 

3 

•II 

•20 

•31 

•44        -78 

1-23 

177 

yn  7*05 

3i 

•15 

•21         -38 

•59 

•«5 

^•5'  ,  3-40 

4 

•20 

•31 

•45 

•80  1   i-8i 

5 

•10 

•15 

•26      '59 

6 

■ 

,     -23 

Friction  of  Air  in  Tubes. — Unwin,  **  Min,  Proceedings  Inst.  C.EJ*' 


a 


k  a  coefficient  of  friction  »  -  +  b,  a  and  b  bein^  constants,  and 


V 


V  B  velocity  of  air  feet  per  second. 


Diameter  of  tube,  A. 
Value  of  a 

b      . 

*ifv=ioo 


it 


J  64 

ro7 

•83 

•338 

•00129 

•00972 

•01525 

•03604 

•00483 

•0064 

•00704 

•00941 

•00484 

•0065 

•00719 

•00719 

•266      ;  ^164 
•0379      -04518 
•00959    -01 167 
•00997    ^012 12 
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Coefficients  for  Efflux  of  Air  from  Orifices.- 

Vena  contracta 
Conical  converging 
Cylindrical  rounded  at  ends 
Cylindrical  throughout   . 
Thin  plates    . 


■Molesworih. 

•98 

■9 

*9 
•8 

•6 


D  = 

V  = 
P  = 

V  = 
P  = 


Centrifugal  Fans. — Moksworih, 

Diameter  of  fan. 

Velocity  of  tips  of  fan  in  feet  per  second, 

Pressure  in  lbs.  per  square  inch. 

v^P  X  97300- 


97.300 


Power  required  for  Fans. — Moiesworth. 

P  =  Pressure  of  blast  in  lbs.  per  square  inch. 

A  =  Area  of  the  sum  of  the  tuyeres  in  square  inches. 

V  =  Velocity  of  tips  of  fan  in  feet  per  second. 
HP  =  Indicated  horse-power  required. 
HP  =  -000016  V»  A  p. 


Proportions  of  ¥ASs,—Molesworth, 

D  D 

Length  of  vanes  =  —     Width  of  vanes  =  — • 

4  4 

Diameter  of  inlet  =  —     Eccentricity  of  fan  =  — 

2  ^  10. 

Length  of  spindle  journal  =  4  diameters  of  spindle. 
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Solubility  of  Ammonia  in  Water  at  Different  Temperatures 

AND  Pressures. — Sims, 

I  lb.  of  water  (also  unit  volume)  absorbs  the  following  quantities  of 
ammonia :— 


Absolute 

32°  F. 

68°  F. 

104°  F. 

2ia°  F. 

Pressure 

in  lbs. 

persq.  in. 

lbs.          vols. 

lbs. 

vols. 

lbs. 

vols. 

^roA. 

vols. 

14-67 

0*899     i'lSo 

o*«;i8 

0-683 

0*338 

0-443 

OO7A 
0-078 

0*97 

15*44 

0-9.^7  I  >-23i 
0*980  1  1*287 

0-S35 

0703 

0*349 

0*458 

0*102 

16-41 

0*556 

0-730 

0*363 

0-476 

0*083 

0109 

17*37 

1*029     1*351 

0*574 

0754 

0-378 

0-496 

0088 

0115 

i8*34 

1*077  !   1*414 

0*594 

0-781 

0-391 

0-513 

0*092 

0*120 

19*3° 

1*126 

1*478 

0-613 

0805 

0*404 

0*531 

0*096 

0*126 

20-27 

1*177 

1*546 

0-632     0-830 

0-414 

0*543 

0*101 

0132 

21*23 

1*236 

1*615 

0-651     0855 

0*425 

0-558 

0'io6 

0*139 

22*19 

1*283 

1-685 

0-669 

0878 

0-434 

0-570 

0*110 

0*140 

23-16 

1-336 
1-388 

1*754 

0-685 

0-894 

0-445 

0*584 

0*115 

0151 

24*13 

1-823 

1  0704 

0-924 

0-948 

0-454 

0*596 

0*120 

0*157 

2509 

1*442 

1*894 

0722 

0*463 

0*609 

0*125 

0*164 

26*06 

1-496 

1*965 

0*741  '  0*973 

0472 

0*619 

0130 

0*170 

27*02 

1*549 

2-034 

0-761     0*999 

0479 

0*629 

0-135 

0177 

27-99 

1*603 

2*105 

0780     1*023 

0*486 

0-638 

■  • 

•    a 

28*95 

1*656 

2-175 

o•^OI      1-052 

0-493 

0*647 

. . 

»   . 

30*88 

1*758     2*309 

0*842     I -106 

0*511 

0*671 

•  • 

32-8« 

1*861     2*444 

o*88i 

I-I57 

0-530 

0*696 

.  • 

.    • 

34*74 

.1-966     2*582 

0*919 

1207 

0-547 

0718 

.  • 

.   . 

36*67 

2070  ;  2*718 

0955 

1254 

0-565 

0-742 
0*764 

•  ■ 

.   . 

3860 

. .          . . 

0-992 

1-302 

0*579 

. . 

.   . 

4053 

.  ■ 

•  • 

•  • 

•  • 

0-594 

0*780 

• . 

•  . 

Rough  Estimate  of  Refrigeration  in  Breweries. 

A  ready  method  of  obtaining  a  rough  estimate  in  tons  of  the  amount 
of  refrigeration  required  in  a  brewery  is  to  divide  the  capacity  of  the 
brewery  in  barrels  by  4. 


General  Rules  in  Relation  to  the  Circle. 

Multiply  the  diameter  by  3' 14 16,  the  product  is  the  circumference. 
Multiply  the  circumference  by  -31831,  the  product  is  the  diameter. 
Multiply  the  square  of  the  diameter  by  7854,  the  product  is  the  area. 
Multiply  the  square  root  of  the  area  by  1*12837,  and  the  product  is 

the  diameter. 
Multiply  the  diameter  by  -8862,  the  product  is  the  side  of  a  square  of 

equal  area. 
Multiply  the  side  of  a  square  by  1*128,  the  product  is  the  diameter  of 

a  circle  of  equal  area. 
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Table  showing  Propertirs  of  Saturated  SivjM.^Yaryan. 


Absolute  Pressure 
from  Vacuum. 

Above  Atmosphere. 

Heat  of 

Tempera- 

Total Heat 

Vaporiza* 

ture. 

in 

tton 

lbs.  per 

Inches 

lbs.  per 

Inches 

British 

or  Latent 

Square 
In. 

of 

Square 

of 

Deff.  Fahr. 

Units. 

Heat. 

Mercury. 

Mercury. 

1043-0 

I 

20355 

-137 

-27*886 

101-99 

1113-1 

2 

4-0710 

—  12*7 

-25:851 

126-27 

1 1205 

1026*1 

3 

6-1065 

—  11*7 

-23*815 

141*62 

1125-1 
1X28*6 

10X5*3 

4 

8*  142 

—  10*7 

-21*780 

153-99 

1007*2 

5 

10-178 

-97 

-19-744 

162-34 

"31-5 

iooo'8 

6 

12*213 

-8-7 

-17709 

170-14 

I 133-8 

995*2 

7 

14249 

-77 

-15-673 

176*90 

"35*9 

9905 

8 

16-284 

-6-7 

-13-638 

•  l82'92 

"37-7 

986*2 

9 

18-320 

-57 

—  1 1  -602 

188*33 

"39-4 

982*5 

lO 

20355 

-47 

-9567 

193-25 
197-78 

11409 

979*0 

II 

22319 

-37 

-7531 

1x42-3 

975-8 

12 

24*426 
26-462 

-2*7 

-5-496 

201*98 

XX43-6 

972*9 

'3 

-17 

-3460 

205-89 

XX447 

970*1 

'4 

28*497 

-07 

-1-425 

2<9*57 

X 145-8 

967*5 

147 

29*922 

0-0 

0-000 

212*00 

1146*6 

965-8 

15 

30-533 

03 

o*6ii 

213-03 

1146*9 

965- 1 

i6 

32568 

1*3 

2*646 
4*682 

2x6*32 

1x47*9 

962*8 

17 

34*604 

2-3 

219-44 

1148-9 

960*6 

i8 

36*639 

11 

6*717 

222*40 

X 149-8 

958-5 

19 

38675 

43 

8-753 

225- 24 

1x50*7 

956*6 

20 

40*710 

\^ 

10*788 

227-95 

"51-5 

954-6 

21 

42746 

6-3 

12*824 

230-55 

"52-3 

952*8 

22 

44781 
46*787 

7-3 

14-859 

23306 

XI 530 

951*0 

23 

8-3 

15*895 

235-47 

1153-7 

949*2 

24 

48852 

93 

18-930 

23779 

"54*4 

947-6 

25 

50-888 

103 

20-966 

240*04 

1155-1 

946*0 

26 

52-923 

"•3 

23-007 

242*21 

"55-8 

944*6 

27 

54-972 

12-3 

25043 

244-32 

"56-5 

943-1 

28 

57008 

133 

27*079 

246-36 

1157-1 

941-7 

29 

59-044 

14-3 

29-115 

248-34 

1157-7 

9403 

30 

6i*o8o 

15-3 

31-143 

250*27 

"58-3 

938-9 

31 

63-116 

16-3 

33-187 

252-15 

1 158-8 

937-5 

32 

65*152 

T^ 

35223 

253-98 

1159-4 

9363 

33 

67*188 

"8-3 

37239 

255-76 

1159*9 

935'0 

34 

69*224 

193 

39-295 

257-50 

ii6o'4 

933*7 

35 

71*260 

20*3 

41-321 

259*  19 

ii6i*o 

9326 

36 

73*296 

21-3 

43-367 

260*85 

1161*5 

931-5 

37 

75*331 

22*3 

45-319 

262*47 

1162*0 

9303 

38 

77-367 

233 

47-397 

264*06 

1x62-5 

929*2 

39 

79403 

24*3 

50-463 

265*61 

X  163*0 

928*2 
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Table  showing  Properties  of  Satuilated  Steam.— Karyaw. — 

Continued. 


Absolute  Pressuro 
from  Vacaum. 

Above  Atmosphere. 

Heat  of 



Tempera- 
ture. 

Total  Heat 
in 

Vaporiza- 
tion 

lbs.  per 

Inches 

lbs.  per 

Inches 

British 

or  Latent 

Square 
In. 

of 

Souare 
25-3 

of 

Deg.  Fahr. 

Units. 

Heat. 

Mercury. 

Mercury, 

1 163-4 

40 

8»H39 

5 '-499 

267-13 

9270 

41 

83*475 

26-3 

53-534 

26862 

1 163-9 

926-0 

42 

85-511 

273 

55-58.^ 

270-08 

1 164-3 
II64-8 

925-0 

43 

89-583 

283 

57-619 

271-51 

924-0 

44 

293 

59-655 

272-91 

1165-2 

923-0 

4S 

91*619 

303 

61-691 

274-29 

1165-6 

922*0 

46 

93-655 

31-3 

63727 

27565 

1 166-0 

921-0 

47 

95-691 

32-3 

65-763 

276-99 

1166-4 
1 166-8 

920-1 

48 

97-727 

33-3 

67-799 

278-30 

919-2 

49 

99-763 

34-3 

69-835 

279-58 

1167-2 

918-3 

SO 

101799 

35-3 

71-871 

280-85 

1167-6 

917-4 

|5 

111-98 

40-3 

82-050 

286-89 

1169-4 

913-' 

60 

I22'l6 

45*3 

92-230 

292-51 

II71-2 

9^-9-3 

65 

132-34 

50-3 

102-410 

297-77 

1172-7 

9055 

70 

142-52 

55-3 

112-59 

302-71 

1 174-3 

902-1 

75 

152-70 

603 

122*77 

307-38 
311-80 

1175-7 

898-8 

80 

162-88 

65-3 

132-95 

1177-0 

895-6 

85 

173-06 

70-3 

143-13 

316-02 

1178-3 

f2''J 

90 

185-24 

75-3 

153-31 

320-04 

1 1 79-6 

889-6 

95 

193-42 

80-3 

163-49 

323-89 

11807 

886*7 

100 

203-06 

85-3 

173-67 

3*7-58 

1181-9 

f^*^ 

105 

213-78 

90-3 

185-85 

331-13 

1182-9 

881-3 

no 

22396 

95-3 

194-03 

334-56 

1184-0 

878*8 

115 

234-14 

100-3 

203-67 

337-86 

1 185-0 

876-3 

1:0 

244-32 

105-3 

214-39 

341-05 

11860 

8740 

i  125 

25450 

II0-3 

224-57 

344-13 

1186-9 

oI'*7 

130 

264-68 

"5-3 

234-75 

347-12 

1187-8 

869-4 

135 

274-86 

1 20-3 

244-93 

35005 

1188-7 

867-3 

140 

285-04 

125-3 

255-11 

352-85 

1189-5 

865-1 

145 

295-22 

130-3 

265-29 

355*59 
358-26 

1190-4 

863-2 

150 

305-40 

»35-3 

275-47 

1191-2 

861-2 

160 

325-76 

145-3 

295-83 

363-40 

1192-8 

?57-4 

170 

345-82 

155-3 

316-19 

36829 

1194-3 

8538 

180 

366-48 
386-84 

165-3 

336-55 

372-97 

1195-7 

850-3 

190 

175-3 

356-91 

377-44 

1197-1 

^7'2 

200 

407-20 

'85-3 

377-27 

381-73 

1198-4 

8438 

556 


REFRIGERATION  AND  COLD  STORAGE. 


Fractions  of  an  Inch  and  Decimal  Equiyalknts. 


Fnctiona. 

Inch. 

FractioDt. 

I 

Inch. 

loch. 

1-32 

•03125 

3-8 

•375 

23-32 

•7187s 

i-i6 

•0625 

»3-32       , 

*40625 

3-4 

"7$ 
•78125 

3-32 

•09375 

7-16 

■^IZ5 

«S-32 

1.8 

•125 

15-32 

•46875 

13-16 

*8i25 

5-32 

•15^25 

1-2 

•5 

27-3» 

•84375 

3-16 

•1875 

17-32 

•53125 

7-8 

•875 

7-32 

•21875 

9-16 

•5625 

29-32 

•90625 

1-4 

•2; 

19-32 

•59375 

15-16 

•9375 

9-32 

-28125 

5-8 

•625 

3«*3a 

•96875 

5.16 

•3125 

21-32 

•65625 

11-32 

•34375 

IT-16 

•6875 

The  measurement  of  an  air  current  in  feet  per  minute,  divided  by 
88,  will  give  the  measurement  in  miles  per 'hour. 


Table  Showing  the   Number  of  Miles  per   Hour  of  Air 

Currents  at  Velocities  per  Minute. 


Feet  per 

Miles  per 

Feet  per 

Miles  per 

Minute. 

•  Hour.         j 

Minute. 

Hour. 

10 

1 

"3 

600 

6-8i8 

20 

•227 

700 

7-9S4 

30 

•340 

800 

9*090 

40 

'^51'' 

900 

10-227 

50 

•568 

1,000 

"•363 

60 

•681 

2,000 

22-727 

70 

•795 

I       3»ooo 

34-090 

80 

•909 

1        4,000 

45*454 

90 

I '022  1 

5,000 

S6-8i8 

100 

I    136 

j        6,000 

68-i8i 

200 

2"27? 

7.000 

79*54'; 

300 

3*409 

8,000 

90-909 

400 

4*545 
5-681 

9,000 

102*272 

500 

10,000 

113-636 
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Mean    Temperatures    of    Principal    Cities    of    the    World. 


CITIES. 

Spring. 

Summer. 

Autumn. 

Winter. 

Annual. 

England. 

Doffs. 
Fahr. 

Deffs. 
Fahr. 

Den. 
Fahr. 

Degs. 
Fahr. 

Den. 
Fahr. 

Birmingham   .. 

48-0 

62*0 

50-0 

34*2 

48-2 

Bristol . . 

^27 
48-8 

630 

5'"5 

40*0 

51-05 

Liverpool 

62*9 

5'-8 

39-8 

508 

London 

490 
48-0 

62-0 

51-3 

39-S 

506 

Manchester    . . 

62*0 

50-5 

34-» 

48-8 

Scotland. 

Edinburgh 

457 

57.9 

48-0 

38-5 

'^^'S 

Glasgow 

47-9 

60-9 

50-5 

39*9 

49-8 

Ireland. 

Belfast . . 

— 

— . 

^— 

52*1 

Dublin 

— 

— 

50-1 

France. 

Bordeaux 

— 

— 

57-0 

Boulo^e 
Marseilles 

^■^ 

^^^ 

54'4 
5*-3 

Nice     . . 

55*9 

72-5 

630 

487 

60- 1 

Paris    . . 

— 

— 

51-3 

Gerxany. 

Berlin  .. 

46-4 

63- 1 

47-8 

306 

47-5 

Breslau 

467 

Buda  Pesth    . . 

— 

47-5 

Dresden 



491 

Frankfort 

— 

49-6 

Hamburg 

— 

— 

48-0 

Leipsic 

46-4 

Munich 

— 

48-4 

Trieste 

53-8 

715 

566 

39*5 

55-8 

Vienna 

49-S 

639 

52-8 

39-9 

Italy. 

Florence 

_— . 

— 

59*2 

Genoa 

•■^~ 

6i-i 

Milan 



55-1 

Naples 

59-5 

74-5 

62-5 

49*9 

6i*6 

Palermo 

59'S 

74*5 

65-9 

52*0 

63-1 

Rome 

57-4 

73*2 

61-7 

46-6 

59-7 

Turin 

53*1 

71*6 

53-8 

33-4 

•    531 

Venice 

55-4 
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Mean    Temperatures   of    Principal    Cities   of   the   World. — 

(Continued,) 


cities. 

Spring. 

Summer. 

Autumn. 

Winter. 

Annual. 

Spain  &  Portugal. 
Barcelona 
1            Madrid 
Lisbon 

Degs. 
Fahr. 

57-6 
59-9 

Degs. 
Fahr. 

74-1 
7I-I 

Degs. 
Fahr. 

56-7 

62-5 

I>eg«. 
Fahr. 

42*1 
523 

Deirs. 
FaRr. 

63-0 

57*6 
61 -4 

Switzerland. 
Beme 
Geneva 

45-8 

60-4 

47*3 

30-4 

46-0 
52-7 

Holland. 

Amsterdam    * . 
Rotterdam 

49*9 
51-0 

Belgium. 
Brussels 

^__ 

— 

507 

Norway  &  Sweden. 
Christiania 
Stockholm 

39-2 
38-3 

59*5 
6i-o 

42-4 
43-8 

2V2 
25-4 

417 
42*1 

Denmark. 

Copenhagen   . . 

43-7 

63-0 

48-5 

31*5 

46-8 

Russia. 
Moscow 
Nicolaief 
St.  Petersburg.. 
Warsaw 

433 

49-3 

35"' 
44-6 

62 -6 
722 
603 
63-5 

34*9 
500 

405 
46-4 

13*5 

25-9 
166 

27*5 

38-5     i 

38-3     ' 

45*5    ' 

Turkey. 

Bucharest 
Constantinople. 

51-8 

73-4 

604 

40-6 

464  ' 
567  , 

1 

Palestine. 
Jerusalem 

6o-6 

726 

66-3 

49-6 

1 

b2'2 

EGYFr. 

Cairo    . . 

71-6 

84-6 

74-3 

58-5 

72*3 

Algeria. 
Algiers 
Tunis  . . 

630 

74*5 

70-5 

50-4 

63-0 

68-8 
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Mean    Temperatures   of    Principal   Cities   of   the   World. — 

{Continued,^ 


CITIES. 


Spring. 


Summer. 


Autumn. 


North  America 
Bjhimoe 
Boston 
Chicago 
Cincioniti 
Mexico 
Montreal 
New  Orleans 
New  York 
Philadelphia 
Quebec 
San  Francisco 
St.  Louis 
Washington 

South  America. 
Buenos  Ayres 
Lima    . . 
Quito   .. 
Rio  Janeiro 
Valparaiso 

EaSt  Indies. 
Bombay 
Calcutta 
Madras 

West  Indies. 
Havanna 
Kingstown 
Port  of  Spain . . 

China. 
Canton 
Pekin  . . 

Australasia. 
Melbourne 
Paramatta 
Sydney 

Canary  Islands 
Funchal 

New  Zealand. 
AucUI  .nd 


Does. 

Frthr. 

600 

480 

52-8 

63-2 

53-6 
44-2 

730 
50-0 
52-0 

58-0 
846 
69-0 


I 


59-4 

3*0 
603 

72-5 


82-6 


78-3 


69-8 


66-6 


63s 


Lo'\ 


Dew. 
Fahr. 
830 
66-0 

74'5 
8i-8 

63-5 
69- 1 

84-0 

72-0 

760 


590 
67-8 

79-0 


73-0 
732 
6q  I 
790 


83-3 


8i-3 


820 
77-8 


73'0 


Degs. 

Fal.r. 
646 

53 -o 
61-3 

664 

65-1 

47-1 

72*0 

560 

57-0 

6o'0 
4^-6 
«;8-o 


64-6 
69*6 
62-5 

74*5 


8o-o 


8o-o 


72-9 
54*9 


64  8 


700        67-6 


Winter. 


Degs. 
Fahr. 

435 
28-0 

38-5 
46-6 

6o-2 

J7-5 
580 

33-0 

34*0 

53-0 
46  o 

^8-o 


52-5 

59-0 

59*7 
68-5 


67-8 


76-3 


54-8 
29-0 


54-5 


61-3 


Annual. 


667  58-0  535 


Degs. 
Fahr. 

54-9 
490 

45*9 
54-7 

bo-5 

43  7 
72-0 

53*0 
55*o 
40-3 
57-5 
550 
590 


62-5 
66-2 
6o-i 

73-6 
64-0 

8i-3 

78-4 
81-9 

79*  I 
79-0 

8i-5 

69-8 
526 


57-0 
646 
658 

65-7 
59-6 
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Leaks  in  Ammonia  Apparatus. 

Leaks  are  readily  detected  by  the  smell  of  the  escaping  ammonia  gas 
when  the  machine  is  being  filled ;  at  a  later  stage,  when  working,  their 
detecti(Ki  is  not  so  easy.  During  the  operation  of  the  machine  when  the 
liquor  or  brine  in  the  tanks  commences  to  smell  of  ammonia  it  indi- 
cates a  ccKisiderable  leakage.  It  is  recommended  to  test  the  liquor  or 
brine  periodically  with  Nessler's  solution  or  othen^'ise. 

Nessler's  reagent,  which  is  the  best  to  use  for  the  discovery  of  traces 
of  ammonia  in  water  or  brine,  consists  of  17  grms.  of  mercuric  chloride 
dissolved  in  about  300  cc.  of  distilled  water,  to  which  is  added  35 
grms.  potassium  iodide  dissolved  in  100  cc.  of  water,  and  constantly 
stirred  until  a  slight  permanent  red  precipitate  is  produced.  To  the 
solution  thus  formed  is  added  120  grms.  of  potassium  hydrate  dis- 
solved in  about  200  cc.  of  water,  allowed  to  cool  before  mixing;  the 
amount  is  then  made  up  to  i  litre,  and  mercuric  chloride  added  until 
a  permanent  precipitate  again  forms.  After  standing  for  a  sufficient 
time,  the  clear  solution  can  be  placed  in  glass-stoppered  blue  bottles 
and  kept  in  a  dark  place. 

If  a  few  drops  of  this  reagent  be  added  to  a  sample  of  the  sus- 
pected brine  or  water  in  a  test-tube,  or  other  small  vessel,  and  the 
slightest  trace  of  ammonia  is  present,  a  yellow  colouration  of  the  liquid 
will  take  place;  a  large  quantity  of  ammonia  will  produce  a  dark-brown. 

Wheft  the  leaks  are  comparatively  insignificant  they  can  be  closed 
in  the  usual  way,  by  solder,  using  as  a  flux  muriatic  or  hydrochloric  acid 
killed  with  zinc.  In  some  instances  electric  welding  may  be  resorted 
to  with  advantage,  or  the  leak  may  be  closed  by  means  of  a  composition 
of  litharge  and  glycerine  mixed  into  a  stiff  paste,  bound  with  sheet- 
rubber,  and  covered  with  sheet-iron  clamped  firmly  in  position.  When, 
however,  the  leak  is  at  all  serious  it  is  usually  the  better  plan  to  at 
once  put  in  a  new  coil,  or  a  new  length  of  pipe. 

Leaks   in    Carbonic   Acid    Machines. 

To  detect  these,  smear  the  joints  with  a  solution  of  soap  and  water, 
and  any  leakage  of  gas  will  be  evidenced  by  the  formation  of  bubbles. 
Carbon  dioxide  or  carbonic  acid  being  a  completely  inodorous  gas, 
precautions  are  required  to  prevent  the  occurrence  of  leakage. 
If  the  joints,  however,  are  properly  made  to  start  with,  they  are  found 
in  practice,  when  once  tight,  to  remain  so  for  years. 
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ABSOLUTE  pressure  and  tempera- 
ture, 9 
Absorber  for  absorption  machine,   154, 

157,  164,  166,  172 
Absorption  machine,  refrigeration  by,  247 
in  butter  works,  397,  398 

—  system,  the,  18,  154-188. 
Abstraction  of  heat  by  compressing  air, 

189-220 
by  evaporation   of  liquid  to  be 

cooled,  18,  24-32 
by  evaporation   and   mechanical 

compression  of  a  separate  refriger- 
ating agent,  18,  33-136 
by  evaporation  and  re-absorption 

of  a  separate  refrigerating  agent, 

18,  154-188 
by  the  rapid  dissolution  of  a  solid, 

18,  19-23 
Abyssinian  war,  use  of  ether  machine, 

109 
Accumulations  of  deposit  in  condenser, 

475-47/ 
Admiralty,  cold-air  machines  supplied  to, 

.  371 
Admixture  of  sulphurous  acid  and  car- 
bonic acid  as  a  refrigerating  agent, 

44 
Advantages  of  absorption  system,  154, 

155 

—  of  atmospheric  condensers,  142 

—  of  carbonic  acid  machines  for  marine 

installations,  359 

—  claimed  for  Gobcrt  system  of  con- 

structional congelation,  413 

—  of  cold  air  blast  system,  252 

—  of  cold  air  system,  189,  190 

—  of  Cooper  system  of  mechanical  air 

circulation,  297 

—  of  direct  expansion  S3rstem,  248 

—  of  ether  as  a  refrigerating  agent  in 

hot  climates,  43 

—  of  submerged  condensers,  137 

—  of  using  sealing  and  lubricating  oil 

in  ammonia  compressors,  56,  57 

—  of  wall  or  plate  system  of  ice-making, 

425 

—  of  Yaryan  apparatus  for  the  produc- 

tion of  distilled  water,  441 


After  preservation  of  frozen  meat,  245 
Agent,  liquefied  arrangement  for  removal 
of,  from  condenser,  144 

—  or  medium  used  in  vacuum  machines, 

31.32 
Agitation,  method  of  making  clear  crystal 

ice  by,  416,  418-434 

Air,   atmospheric,   germs  of   fungus  or 

mould  in,  282 

—  circulation,    means    for   improving, 

286.288 
of,  in  cold  storage  chambers,  282 

—  co-efHcients  of  efflux  of,  from  orifices, 

552 

—  cold,  machines,  18, 189-220,  371-374 

—  compressed,  loss  of  pressure  by  fric- 

tion of,  in  pipes,  55 1 

—  cooler,  or  chamber,  with  corrugated 

brine  battery,  265-267 

—  currents,  at   velocities   per  minute, 

number  of  miles  per  hour,  556 

—  determination  of  moisture  in,  38 

—  effect  of  pressure  of,  467 

—  ejection  of,  from  ammonia  system, 

465,  466 

—  friction  of,  in  tubes,  551 

—  instruments  for  measuring  moisture 

in,492-49> 

—  presence  of,  in  ammonia  machine,  to 

detect,  467,  468 

—  trunks,  construction  of,  244,  245 

—  value  of,  as  in  insulator,  299 
Allen  dense-air  ice  machine,  214-216 
Allowances,  per  ton  capacity,  in  refriger* 

ating  machine,  527 

America,  number  of  firms  directly  inter- 
ested in  refrigeration  in,  5 

American  absorption  machine,  185 

—  arrangement  for  removing  liquefied 

agent  from  condenser,  144 

—  arrangement  for  wort  cooling,  382, 

—  Engineer,  relative  heat  conductivity 

of  various  materials,  308 

—  ice-making  machine,  20 

—  practice  as  to  the  making  of  brine, 

459.  460 

—  Society  of   Mechanical   Engineers, 

paper  on  regenerative  method  of 
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producing  verv  low  temperatures, 

513 
American  Warehousemen's  Association, 

table    showing    transmission    of 
heat    through    various   insulating 
structures,  312 
Ammonia,  advantages  of,  as  a  refriger- 
ating agent,  48 

—  anhydrous,  49 

boiling  point,  latent  heat,  etc., 

of,  529 

manufacture  of,  49,  50 

yield    of,    from    ammonia  solu- 
tions, 533 

—  anti-putrescent,  qualities  of,  249 

—  apparatus,  leaks  in,  491,  492,  560 

—  composition  of,  48 

—  compression   machine,   arrangement 

of,  in  butter  dairy,  399 

—  compression  machines,  management 

of,  465-470 

—  compression  machines,  marine  types. 

363-371 

—  condensers,  marine  types,  368,  369 

—  disadvantages  of,  as  a  refrigerating 

agent,  48-50 

—  gas,  difficulties  of  dealing  with,  50 

—  gas,  properties  of  saturated,  524 

—  gas,  superheating  of,  d68 

—  gas,  temperature  to  wnich  raised  by 

compression,  533-535 

—  lubricating  Qualities  of,  478 

—  machines,  48-106 

—  machine,  most  important   part  of, 

50-56 

—  of  commerce,  49,  50 

—  properties  of,  48 

—  receiver  and  oil  trap,  475 

—  solubility  of,  in  water  at   different 

temperatures  and  pressures,  531 
--  specific  gravity  and  percentage  of, 
528 

—  strength  of  liquor,  532 

Amount  of  refrigerating  pipes  necessary 
for  chilling,  storage,  and  freezing 
chambers,  253 

—  of   refrigeration    required    in    cold 

stores,  253 

—  of  water  required    in    refrigerating 

apparatus,  550 

Analyser  for  absorption  machine,  159 

Ancients,  use  of  liquefaction  by,  for  re- 
frigerating purposes,  19 

Andref  formula  of  relation  of  specific 
gravity  of  sulphurous  acid  to  tem- 
perature, no 

Andrews*  experiments  in  liquefaction  of 
gases,  50S 


Anhydride,     carbonic.       See     Carbonic 

acid 
Anhydrous  ammonia,  49 
boiling  point,  latent  heat,  etc., 

of,  S29»  530 

manufacture  of,  49,  50 

yield  of,  from  ammonia  solutions, 


533 
—  sulohi 


sulphurous  acid  and  carbonic  acid 

refrigerating  agent,  44 
Antarctic,  single-acting  compressor,  97 
Anti-putrescent  properties  of  ammonia, 

249 
Apparatys,  ammonia,  leaks  in,  491,  492 

—  for   de-aerating  or  distilling  water, 

435-444 

—  for    making    distilled    water    from 

exhaust  steam,  437 

—  gravity,  for  lowering  carcases,  344 
Appendix,  561,  562 

Appleby,  power  required  to  raise  water 

from  deep  wells,  542 
Apples,  cold  storage  of,  350 

—  first  cargo  of,  from  Melbourne,  4 
Appliances  required  in  absorption  system, 

154.  155 

Applications  of  refrigeration,  construc- 
tional, 404-414 
manufacturing,  378-404 

Approximate  allowances,  per  ton  capacity, 
in  refrigerating  machine,  527 

—  cost  of  operating  ice  factories,  506 
of  ice-making,  507 

Aqueous  vapour  held  in  suspension  in 
pure  dry  air,  495 

Architectural  aspects  of  cold  stores,  257 

Arctic  cold -air  machines,  experiments 
with,  219,  220 

Areas.  See  Diameters,  areas,  and  dis- 
placements 

Armitage,  Mr.  H.  T.,  legulating  the 
fermentation  of  tea  by  refrigera- 
tion, 402 

Armstrong,  Lord,  definition  of  heat  by, 

•• 

—  Machine   Manufacturing  Company, 

ammonia  compressors,  94 
Articles,  various  proper  temperatures  for 

cold  storage  of,  345,  357 
Artificial  butter  works,  use  of  refriger- 
ating machinery  in,  396-399 

—  cold,  use  of,  by  Esthonian  tribe,  19 

—  currents    of  air,   atmospheric    con- 

densers cooled  by,  145 

—  ice,  storage  house  tor,  461 

—  refrigeration  in  bacon  curing  works, 

275,  276 

—  surfaces  of  ice,  formation  of,  404 
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Arrangement  for  chilling  and  freezing  on 
wall  system,  264,  265 

—  for  lifting  ice  cans,  450-452 

—  for  more  even  distribution  of  work  of 

compressor  piston,  95,  96 

—  for    traversing    carcasses     through 

chilling  and  freezing  rooms,  265 

—  of  air  cooling  tower,  267-269 

—  of  cold  stores,  internal,  257 

—  of  cooling  pipes  in  bacon  factories, 

272-274 

in  ceiling  lofts,  262 

in  cold  stores,  248 

on  brine  circulation  system, 

261,  262 

—  of    corrugated    brine    air  -  cooling 

battery,  265-267 

—  of  piping  in  cold  storage  rooms,  282- 

297 

—  of  refrigerating  plant  in  an  hotel, 

277,  278 
Axtangements  for  making  clear  or  crystal 
ice,  miscellaneous,  429-434 

—  of  pump  or  piston  agitators,  431-434 
Asbestos  paper  or  cloth,  value  of,  as  an 

insulating  material,  304 

—  results  of  tests  as  to  conductivities  of, 

303 

—  use  of,  as  an  insulating  material,  298 

Ashantee     campaigns,    use     of    ether 

machine,  109,  no 
Asparagus,  cold  storage  of,  352 
Atlas  Company,  Limited,  carbonic  acid 

compressor,  135 
Atmosphere  of  cold  stores,  243,  244,  246 

—  of     hospitals    and      large      public 

buildings,  cooling  of,  403 
Atmospheric  surface  condensers,  142-146. 

See  also  Condensers 
Attemporating  in  breweries,  refrigerated 

water  for,  380-383,  388-392 
Auldjo   Machine  Co.,  compressor  made 

by,  97    ,  ^    . 

Australian  apples,  trade  m,  4 

Australia,  use  of  pumice  stone  as  an  insu- 
lating material  in,  298 
Automatic  electric  beef  hoist,  339-342 

—  ice  dump,  452-454 

—  Refrigerating  Machine  Co., ammonia 

compressor,  91 
AuxOiary  or  separate  absorber,  1 75,  1 76 
Aylesbury  Dairy,   vacuum   machine  at, 

26 

BABY    compressor,    A.    H.    Barber 
Manufacturing  Company,  100,  10 1 
Back  pressure,  loss  of  efficiency  in  am- 
monia compressors  from,  56 


Bacon  factories,  arrangement  of  cooling 
pipes  in,  272,  273,  274 
—  —  reasons  for  use  of  artificial  refriger- 
ation in,  275,  276 
Ball,      improvements      in      absorption 

machines,  178,  179 
Balloons,  use  of  refrigeration  for  purifica- 
tion of  gas  for  inflation  of,  403 
Baltic,  imports  of  butter  from,  4 
Bananas,  transport  of,  from  Jamaica,  4 
Barber,  A.  H.,  Manufacturing  Company, 
double  -  acting     ammonia    com- 
pressor, 99,  100 

plans  for  insulation,  228 

small  cold  store  and  ice  plant  for 

hotel,  277,  278 
single  •  acting     ammonia     com- 
pressor, 100,  10 1 
Bar-box,  cooling  of,  278 
Barges,  refrigerated,  377 
Barnard  water-cooling  tower,  152 
Barrel,  old,  to  make  brine  mixer  of,  460 
Baudelot  cooler  for  breweries,  381,  383 
Bavarian  engineers,  tests  of  Linde  com- 
pression machine  by  committee  of, 

73 
Bayswater,  vacuum  machine  at,  26 

Beck,  William  Henry,  improvements  in 
absorption  machines,  155,  164 

Becks,  G.  A.,  experiments  on  heat  con- 
ductivity of  slag  wool  and  char- 
coal, 310-312 

Beef,  chilled,  imports  of,  from  Canada,  3 

—  chill  room  fitted  with  Haslam  patent 

brine-cooling  battery,  271 

—  chill  room  fitted  with   the  De    La 

Vergne  patent  pipe  s^tem,  2  70, 2  7 1 

—  hoist ,  automatic,  electrically  operated , 

339-342 
Beer  wort,  refrigeration  of,  381-383 
Beffa,  Delia,  and  West,  ether  machine,  41 
Belgian  dairies,  type  of  cream  cooler  used 

in,  401 
Bell-Coleman  cold -air  machine,  199,  200 
freezing  machine,  tests  to  deter- 
mine best  covering  for,  304 
Bibliography  of  refrigeration,  561,  562 
Binary  absorption  process,  187,  188 
Black  currants,  cold  storage  of,  350 
Black,  Dr.,  discovery  of  latent  heat  by,  8 
Blast,  cold  air  system,  252 
Bleaching  of  clothes  by  refrigeration,  403 
Block,  Lx>uis,  improvements  in  ammonia 

compressors,  57,  58 
Blowers,  use  of,  for  cooling  atmospheric 

condensers,  145 
Blythe  and  Southby  improved   vacuum 
machine,  30,  31 
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Baard  of  Trade  instructions  to  surveyors 
re  carbonic  acid  machines,  359 

Boiler-covering  materials,  heat   conduc- 
tivity of,  308 
—  feeding  purposes,  use  of  waste  con« 
densation  water  for,  149 

Boiling  point,  latent  heat,  etc.,  of  anhy- 
drous ammonia,  529,  530 

Books  on  refrigeration,  561,  562 

Borsig,  A.,  sulphurous  acid  machines,  1 18 

Bottles  containing  anhydrous  ammonia, 
warming  when  charging  machine 
from,  466 

desirability   of  keeping  in   cool 

place,  467 

Box  and  Ligh  t  foot ,  table  of  aqueous  vapour 
held  in  suspension  in  air,  405 

Boyle,  Mr.  David,  pioneer  of  refrigerating 
machinery,  87 
modem  type  of  ammonia  com- 
pressor, 87-09 

Boyle's  or  Marriotte's  law,  10 

Bramwell,  Sir  Frederick,  on  Perkin's 
compression  machine,  33 

Breaking   joints  in  ammonia  machines, 

477f  478 

—  machinery,  ice,  464 

Breweries,  cubic  feet  of  space  per  running 
foot  of  2-inch  piping,  253 

—  refrigeration  in,  380-393 

—  rough  estimate  of  refrigeration  in,  553 
Brewery,  ammonia  pumps  or  compressor 

for,  77,  78 
Brick  surfaces,  waterproof  coatings  for, 

3>3-3«7 
Bridge,  Messrs.  David,  &  Co.,  ice  crush- 
ing or  breaking  machineiy,  464 
Brine  ciroSlation  system,  arrangement  of 
cooling  pipes  on,  261,  262 

of  refrigeration,  247,  248 

objections  to,  252 

—  cold,  passing  air  through  body  of, 

269 

—  cooling  battery  for  cooling  air,  265- 

267 

—  for  use   in    refrigerating    and    ice- 

making  plants,  459,  4(x> 

—  strainer,  421,  422 

British  government,  use  of  refrigerating 
machines  by,  109,  no 

—  measures,  comparison  of,  with  U.S. 

standards,  545 
Broadbent,  Mr.  J.  C.,  rotary  chocolate 

cooler,  379 
Brompton,  vacuum  machine  at,  26 
Bronze     alloy,    use    of  in    compressor 

cylinder,  122,  127 
Brotherhood's  refrigerator,  382 


"Bulletin  de  la  Sod^te  de  Tlndnstrie 
Minerale,*'  Poetsch  process, 
405-407 

Butter  brought  over  from  Denmark,  4 

—  manufactories  and  dairies,  refriger- 

ation in,  396-401 

—  imports  of,  4 

r^  ABBAGE,  cold  storage  of,  350 

Cailletet,  experiments  in  liquefaction  ot 

gases,  508 
Calahan  suction  \'alve,  233 
Campania,  refrigeration  of  cargo  holds 

on  board  of,  367-369 
of  provision  store  on  board  of, 

369-371 
Campbell.    See  Westerlin  and  Campbell 

Canada,  imports   of  butter  and  cheese 

from,  4 
of  chilled  beef  from,  3 

Canadian  apples,  trade  in,  4 

Canadian  Farming  Worlds  article  on 
filling  ice  houses,  461,  462 

Candle  and  parafhn  oil  works,  refrigera- 
tion in,  393-396 

Can  hoist  for  small  plants,  452 

—  system  of  ice-making,  418-422 
objectionable  features  of,  419- 

421 

Cans  or  moulds,  ice,  26 

Canvas  saturated  with  cold  brine,  cool- 
ing air  with,  269 

Capacities,  refrigerating,  table  of,  256 

Capacity  of  machine  required  for  re- 
frigeration of  cold  chambo-,  258, 

259 

—  of   refrigerating    machine,  diagram 

showing  variations  in,  251 
Capillary  cream  cooler,  401 
Carafes,  arrangement  for  freezing,  278 

—  frappes,  production  of,  26 
Carbon  aioxide.     See  Carbonic  acid 
Carbonic  acid,  advantages  of,  46 

and  sulphurous  acid  refrigerating 

agent,  44 

—  composition  of,  119 

--  compressors,  1 19-136,  358-362 

disadvantages  of,  46,  47 

machine,  44-47 

leaks  in,  492,  560 

-  -  —  marine  types,  358-362 

to  charge  and  work,  480.484 

-  properties  of,  44,  46,  47,  119 

—  —  solidification  of  gas,  119 

—  anhydride.     See  Carbonic  acid 
Carcasses,  freezing  of,  for  transf>ort,  243, 

245 
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Carcasses,  imports  of  frozen,  2,  3 

—  packing,  in  cold  rooms,  258,  376 

—  storing,  on  board  ship,  374,  375 
Carcass  hoists,  339-344 

Cargo  of  apples,  first,  from  Melbourne,  4 

—  of  frozen  meat,  first,  2 

—  of  fruit,  storage  of,  376 

Carius,  specific  gravities  and  percentage 

ot  ammonia,  528 
Carpets,  preservation  of,  by  refrigeration, 

403 
Carre,  Edmond,  sulphuric  acid  machines, 

26 

—  Ferdinand,  absorption  machine,  154, 

155-159 

—  hand  power  ice  machine,  32 
Carrots,  cold  storage  of,  252 
Cars,  refrigerated.     See  Vans 
Cascade  system  of  producing  very  low 

temperatures,  509,  510 
Case  Refrigerating  Machine  Co.'s  am- 
monia compression  machines,  97- 

99 
Catamba  grapes,  cold  storage  of,  349 
Cattle,  live,  cooling  holds  of  vessels  for, 

403  .        . 

Ceiling  lofts,  cooling  pipes  in,  262 

Ceilings  for  cold  stores  and  ice  houses, 

323 
Celery,  cold  storage  of,  352 

Cell  ice-making  boxes  or  tanks,  425-429 

Centigrade  thermometrical  scale,  zero  on, 

9,  10 

—  and  Fahrenheit  thermometers,  com- 

parison of,  537 
Centrifugal  fans,  552 

—  -  pumps,  power  required  to  drive,  5^3 
Challoner,  Sons  &  Co.,  Geo.,  ammonia 

compressor,  94,  95 

Chambers.     See  Cold  storage  chambers 

Charcoal,  consistency  for  packing  insulat- 
ing spaces  with,  299 

(Charge  and  work  carbonic  acid  machine, 
to,  480-484 

Charging  an  ammonia  machine,  466, 
467 

Charles*  law  of  expansion  of  gases,  10 

Chart  applicable  to  any  value  of  «,  con- 
struction of,  12,  13 

Cheese,  imports  of,  from  Canada,  4 

—  refrigeration  of,  347 

Chemical  process  of  refrigeration,  the,  18, 

»9-23 

—  works,  use  of  refrigeration  in,  402, 

403 
Cherries,  cold  storage  of,  350 

Chew,  Mr.  Leuig,  submerged  condenser, 
138 


Chief  danger  of  deterioration  of  frozen 
meat,  5 

—  features  to  be  looked  for  in  an  air- 

cooling  tower,  151,  152 
Childs,  J.  G.,  &  Co.,  Ltd.,  automatic 

electric  beef  hoist,  339-342 
Chilled  beef,  imports  of,  3 
Chilling,  amount   of  refrigerating  pipes 

necessary  for,  2^3 

—  or  freezing  on  wall  system,  264,  265 
Chill   room,  bacon,  with    side    cooling 

pipes,  273,  274 

beef,  cooled  by  brine  air-cooling 

batter}',  771 

beef,    fitted    with    patent    pip« 

system,  27c,  271 
Chimogene,  use    of,  as    a    refrigerating 

agent,  43 
Chloride,  methyl,  properties  of,  no 

—  of  calcium,  solutions  of,  547 

—  of  sodium,  brine  made   from,  247, 

248 

properties  of  solution  of,  548 

Chocolate,  cold  slabs  or  tables  for  manu- 
facture of,  1 74 

—  cooler,  rotary,  379,  380 

—  cooling  by  cold  air,  379 

first   apphcation  of  refrigerating 

machine  to,  379 

Choice  of  agent  for  refrigerating  pur- 
poses, 34-36 

Choke-damp,  same  as  carbonic  acid,  1 19 

Choking  up  or  freezing  of  compression 
system,  483.  484 

Christiansen,  Adolph  Gothard,  improve- 
ments in  absorption  machines, 
164,  165 

Christiansen.  See  niso  Mackay  and 
Christiansen 

Circle,  general  rules  in  relation  to,  553 

Circulation,  methods  of  piping  that 
hinder  air,  282-286 

—  of  air   in  cold    storage    chambers, 

282-297 
Cities    of  the    world,    principal,    mean 

temperatures  of,  557"559 
Citron.     See  Citrus  fruits 
Citrus  fruits,  cold  storage  of,  349 
Clark,  Mr.  D.  K.,  report  on  experiments 

with   non-conducting  substances, 

305 
Classification  of  refrigerating  machinery, 

18 

Clausius,  definition  of  heat  by,  7 

Clearances    in    ammonia    compressors, 

53-56 
Cleveland,  Ohio,  Twining' s  compression 
machine  in,  36,  37 
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Clothes,  white  bleaching  of,  by  refrigera- 
tion, 403 

Cloth,  hard-pressed  asbestos,  value  of,  as 
an  insulating  material,  304 

Clouet,  experiments  by,  in  liquefaction  of 
gases,  508 

Coal  ashes,  use  of,  for  insulating  purposes, 
298 

—  consumption    of,   by   cold-air    ma- 

chines, 247 
Coatings  for  brick  surfaces,  waterproof, 

313-317 

Cochran  Company,  carbonic  acid  com- 
pressor, 135 

Cocks  and  valves,  221-233 

expansion     or     regulating,     53, 

221-226 

—  —  stop,  226-228 

Coefficients  for  efflux  of  air  from  orifices, 

552 
Coil  bend,  evaporating,  239,  240 

Coils  of  pipe  in  submerged  condenser, 
dimensions  of,  140-142 

Coke,  use  of,  for  charging  air-cooling 
tower,  217 

Cold  air  blast  system,  the,  252,  253 

machines,  18,  189-220,  371-374 

refrigeration  by,  245-247 

for  marine  work,  359,  371-374 

proper  management  of,  492 

marine  types,  371-374 

system,  the,  189-220,  371-374 

trunk    for    marine    installations, 

371,  372. 

—  brine,  passing  air  through  body  of, 

269 

—  rooms  or  chambers,  construction  of, 

257-328 
—  packing  of  carcasses  in,  258 

—  simple  method  of  producing,  in  hot 

climates,  24 

—  slabs  or  tables  for  the  manufacture 

of  chocolate,  174 

—  storage  chambers,  circulation  of  air 

in,  282-297,  374 

temperatures  for,  353-357 

ventilation  of,  281-297 

cubic  feet  of  space  per  running 

foot  of  2-inch  piping,  254 

—  —  space,  inspection  of,  374,  375 
243-357 

—  stores,  ceilings  for,  323 

divisional  partitions  for,  320 

flooring  for,  321-323 

in  United  Kingdom,  5 

walls  for,  317-320 

Coleman,   C.    J.,   improved    absorption 
machine,  163-185 


Coleman,  J.  J.,  experiments  by,  on  heat 
conductivities  of  substances,  304, 

305 

—  See  Bell-Coleman 

Cole,  Messrs.  T.  and  W.,  Ltd.,  chocolate 
cooling,  379 

cold-air  machine,  212-214 

Collecto:s  or  oil  separators,  71,  436,  437, 

470-475 
**  Colliery  Manager's  Handbook,"  Gobert 

congelation  method,  408-414 

—  shafts,  application  of  refrigeration  to 

sinking  of,  404-414 
Collins,  Mr.  W.  Hepworth,  on  evapora- 
tive values  of  various  substances, 

305 
Colyer,  Frederick,  C.E.,  results  obtained 

with  ether  machine,  42 

on    working    of    absorption 

machine,  499,  500 

Combined  refrigerating  and  ice-making 

tank,  484 

—  utilisation  of  cold  air  and  brine  for 

cooling,  264 
Common  ammonia  of  commerce,  49,  50 

—  salt.     See  Chloride  of  sodium 
Comparison  between  scales  of  Centigrade 

and  Fahrenheit  thermometers,  537 

—  of  British  measures  with  U.S.  stand- 

ards, 545 

—  of  various  hydrometer  scales,  538,  539 
Compensating  chamber  for  stuffing  box, 

7^>  77 
Complete   discharge  of  gas   from  com- 
pressor cylinder,  to  ensure,  53,  54 

—  installation  of  ammonia  plant  on  the 

De  La  Vergne  system,  59-62 

—  small  brewery  fitted  with  refriger- 

ating plant,  393 
Composition  of  freezing  mixtures,  22,  23 

fossil  meal,  use  of,  for  insulating 

purposes,  298 

kieselguhr,  use  of,  for  insulating 

purposes,  298 

victuals,  498 

Compound  ammonia  compressors,  71,  72, 
364-366 

compressor,  Haslam  marine  type, 

364.366 

single-acting  marine  type,  363 

--  submerged  condensers,  138-140 
Compression  head,  safety,  68-70 

—  heat     generated      by,     misleading 

phrase,  14,  15 

—  machine,  refrigeration  by  means  ol, 

247 

—  machines,  ammonia,  cycle  of  opera- 

tion in,  52 
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Compression  machines,  main  parts  com- 
prised in  all,  35,  36 

—  process,  the,  18,  33-106.     See  also 

Compression  system 

—  side  of  ammonia,  machines,  52 

—  system,  choking  up  or  freezing  of, 

483,  484 
the,  18,  33-106 

—  temperatures  to  which  ammonia  gas 

is  raised  by,  533-535 
Compressor,  connection  of  oil  separator 
to,  so  that  oil  can  be  used  over 
again,  475 

—  diagrams,  interpretation  of,  489-491 

—  mean  pressure  of,  525 

—  piston  rod  packings,  478-480 

—  safety  crosshead  for,  70,  7 1 
Compressors,  ammonia,  51-106 

—  carbonic  acid,44-47, 1 19-136, 358-362 

—  double-acting,  51 

—  ether,  36-43,  107- no 

—  methyl  chloride,  1 10 

—  methylic  ether,  39-41 

—  safety  spring  heads  for,  65-70 

—  single-acting,  advantages  of,  51 
—  disadvantages  of,  51 

—  sulphurous  acid,  110-118 
Condensation  side  of  ammonia  machines, 

Condensed  ammonia,  to  prevent  loss  of 
efficiency  by  heating  of,  469,  470 

—  water  cooler  and  oil  separator,  436, 

437 
Condenser,  accumulations  of  deposit  in, 

475-477 

—  atmospheric,  condensing  surface  re- 

quired, 146 
cooling  water  required,  126,  146 

—  —  distribution  of  cooling  water,  143 
preventing  spluttering  of  cooling 

water,  I43»  M4 
-! removing    liquefied  agent   from, 

144 
usual  dimensions  of,  146 

—  cooling  water  for,  469 
Condensers,  ammonia,  marine  type,  368, 

369 

—  78,    114,   117,   124,  132,   134.   '35» 

137-151,  I55»  159,  160,  368,  369 
Condensing  pressure,  use  of,  for  ascer- 
taining whether  apparatus  is  fully 
charged,  487 

—  surface  for  atmospheric  condensers, 

amount  required,  146 

for        submerged       condensers, 

amount  required,  140 
Conductivity  of  various  substances,  ex- 
periments on,  299-312 


Confectionery,  cold  slabs  or  tables  for  the 
manufacture  of,  1 74 

Congealing  tanks,  marine,  375,  376 

Connections,     ^ee  Flange  unions 

Consistency  for  packing  insulating  spaces, 
299 

Constructional  applications  of  refrigera- 
tion, 404-414 

Construction  of  ammonia  gas  com- 
pressors, 51-56 

Consumption  of  water  in  sulphuric  acid 
machines,  27 

—  See  also  Coal  consumption 
Continent,   imports  of  fresh  beef  from, 

3 

—  number  of  firms  directly  interested  in 

refrigeration  on,  5 
Continuoas-acting    absorption    machine, 

135-159  .     , 

Convert  millimetres  into  inches,  table  to, 

523 
Conveying  machinery,  ice,  447 

* See  also  Hoisting  and  conveying 

machinery 
Coolers  for  cold-air  machines,   198,  199, 

204,  206,  209,  210,  212,  316 
Cooling  air,  arrangements  for,  265-270 

—  battery,  corrugated  brine,  205-267 

—  pipes,  arrangement  of,  in  ceiling  lofts, 

262 

on  brine  circulation   system, 

261,  262 

—  towers,  water,  151- 153 

—  water,  formula  for  calculating  amount 

required  in  submerged  D)ndensers, 

141 

for  condenser,  469 

in  separator  jacket,  468 

—  —  to  economise,  149 

Cooper,  Madison,  arrangement  for 
washing,  cooling,  and  drying  air, 
269,  270 

correct  relative  humidity  for   a 

given  temperature  in  egg  rooms, 

497 
on  air  circulation  in  cold  storage 

chambers,  282-297 

on  cold  storage  of  eggs,  348,  349 

—  system  of  mechanical  air  circulation, 

advantages  of,  297 

Corliss  engine  for  driving  ammonia  com- 
pressor, 74,  100.  103 

Correct  relative  humidity  for  a  given  tem- 
perature in  egg  rooms,  497 

Corrosion  of  cooling  pipes,  protection  oi 
from,  250 

Cost  of  operating  ice  lactories,  approxi- 
mate, 506 
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Cost  of  working  refrigeraling  machinery, 

499-507 
Cotton  wool.     See  Slag  wool 
Coupon  sy^lem  of  selling  and  delivering 

ice,  462-464 
Courriferes,  use  of  refrigeration  for  shaft 

sinking  at,  405 
Cracknell's  patent  absorption  machine, 

179,  180 
Crane  with  long  jib  for  raising  carcasses 

from  barges  into  cold  stores,  343 
Cream  coolers,  399-401 
Creamery  Package  Manufacturing  Co., 

ammonia  compressor,  96,  97 
Creams,  freezing,  ice,  278 
Crsam,  trade  in  frozen,  a 
Crescent  or  semi-cylindncal  door  for  cold 

storage  rooms,  281-287 
Cross-head,  safety,  for  compressors,  70, 71 
Crushing  or  breaking  machinery,  ice,  464 
Cube  ice,  550 
Cubic  feet  of  ammonia  gas  per  minute  to 

produce  one  ton  of  refrigeration 

per  day,  251 
of  gas  pumped  per  minute  to  pro- 
duce one  ton  of  refrigeration,  526 

—  —  ofspace  per  running  foot  of  2-inch 

piping,  253,  254 
Cullen,  Dr.,  experiments  ndth  ether.  34 

vacuum  machine,  25 

Currants,  cold  storage  of,  350 

Curve  PVw  =  constant,  to  construct,  11, 

12 
Cycle    of    operations     in     compression 

machines,  34-36,  52 
Cylindrical   oil   separators  or  collectors, 

470,471 
Cyrogene,  use  of,  as  a  refrigerating  agent, 

43 

DAIRIES,  refrigeration  in,  396-401 
Davidson,  Geo.,  properties  of  satu- 
rated ammonia  gas,  536 
Dead  bodies,  preservation  of,  by  refriger- 
ation, 403 
Dead  weight  safety  valve,  129,  130 
De-aerated  water,  making  clear  ice  with, 

416 
De-aerating  or  distilling  apparatus,  435- 

444 
Decimal  equivalents   of  fractions  of  an 

inch,  556 

Definition  of  latent  heat,  6,  546 

—  of  specific  heat,  8 
Delinitions  of  heat,  various,  6 
Dehydrator.     See  Drier 

De  La  Vergne  arrangement  for  cooling 
in  brewery,  385,  386 


De  La  Vergne,  atmospheric  condenser, 

«43 

—  disc  or  gill  for  cooling  pipes,  241, 

242 

—  installation  at  skating  rink,  404 

—  installations    on     Campinia     and 

Lucania,  370 

—  marine  types  of  ammonia  machines. 

363.  370.  371 

—  oil  separator  or  collector,  470 

—  patent  pipe  system,  270,  271 

—  safety  suction  valve,  233 

—  stop  cock,  226,  227 

—  type  of  ammonia  compressor,  56-65 

—  type  of  pipe  joint,  234,  235 
Delion  and  Lepen,  sulphurous  acid  ma- 
chine, 1 18 

Delia  Beffa  and  West  ether  machine,  4 1 
De  Mairan,  specific  gravity  of  ice,  415 
De  Motay  ana  Rossi  absorption  machine 

188 
Denmark,  butter  brought  over  from,  4 
Denton,  Professor,  losses  in  compressors, 

Deposit  in  condenser,  accumulations  of, 

475.  477 
Deterioration     of    frozen    meat,     chief 

dangers  of,  5 

Determination  of  moisture  in  air,  492, 

493 
Dewar,  Professor,   production  of  liquid 

air,  510,  511.  512 

—  use  of  ethylene  as  an  agent,  509 

—  vacuum  flask,  5 1 1 

Diagrams  from  "Arctic  "  cold-air  machine, 
220 
Frick  compressors,  70 

—  interpretation  of  compressor,  489- 

Diagram  showing  variations  in  capacity 
of  refrigerating  machine,  251 

—  taken     from     double-acting    com- 

pressor, with  sealing  oil,  64 

single  -  acting    compressor, 

without  sealing  oil,  63,  64 

single  -  acting      compressor, 

with  sealing  oil,  64 
Diameter  and  stroke,  ratio  between,  in 

ammonia  compressors,  54-56 
Dickerson,  Mr.  Walter,  on' physical  con- 
stants of  liquefied  gases,  518,  519 
Dimensions    of   standard    wrought-iron 
pipes,  545 
-  of  submerged  condensers,  140-142 
Direct  expansion,   cooling  brewery  fer- 
menting room  by,  385,  386 

making  ice  by,  417 

system,  248-252 
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Disadvantages  of  cold-air  system,   189, 
218,  219 
cold-air  blast  system,  252 

Discharge  of  gas  from  compressor,   to 
effect  complete,  53,  54 

Discharge  valves.     See  Suction  and  dis- 
charge valves 

Discs  or  gills  for  cooling  pipes,  241,  242 

—  rotating,  cooling  air  with,  269 
Dissolution  of  a  solid,  abstraction  of  heat 

by,  18 
Distillation  of  anhydrous  ammonia,  49, 

50 
Distilling.     See  De-aerating 

—  machine,  methylic  ether,  39 
Distinctive  feature  of  the  Yaryan  evapo- 
rator, 441 

Distinct  meanings  of  heat  and  tempera- 
ture, 8 
Distributing  valve.    See  Expansion  valve 
Distribution    of  water   in   atmospheric 
condenser,  143 

—  of  work  of  compressor  piston,  95,  96 
Divisional  partitions  for  cold  stores,  320 
Dobbie,  Jonn  G.,  tests  by,  to  determine 

conductivity  of  asbestos  and  Kie- 
selghur  composition,  303 
Donaldson,  H.  F.,  lifts  designed  by,  344 

—  non-conductive  values  of   different 

materials,  306,  307 
Door  insulation,  324-327 

—  rotary,  278-281. 

—  wedge,  324 

Dortch.     See  Suppes  and  Dortch 
Douane,   Messrs.,  methyl  chloride  com- 
pression machines,  no 
Douane,  Mr.  M.£.  See  Douane,  Messrs. 
Double -acthig  compressor  and   tandem 
compound      condensing      steam 
engine,  82 

compressors,  advantages  of,  51 

disadvantages  of,  51 

compressor  stuffing  boxes,  pack- 
ing for,  479 
De  La   Vergne  ammonia  com- 
pressor, 57-62 

horizontal  ammonia  compression 

machine,  366 

—  effect  water-distilling  apparatus,  438 

—  pipe  condenser,  147,  148 
Douglas  and  Conroy  patent  sulphurous 

acid  compressor,  11 4- 1 1 8 
Douglas,   Messrs.  Wm.,  &  Sons,  Ltd., 
air-cooling  apparatus,  267-269 

sulphurous      acid      compressor, 

114-118 

—  Mr.  T.,  apparatus  for  cooling  air 

267-269 


Dourges,  use  of  refrigeration  for  sinking 
shafts  at,  405 

Drawbacks  to  wall  or  plate  system  of  ice- 
making,  423 

Drier  or  dehydrator  of  ammonia  still 
lime  in,  50 

Drip  trays  for  cooling  pipes,  271,  273 

Drying,  cooling,  and  washing  air,  appa- 
ratus for,  269,  270 

Dry  system  of  working  ammonia  com- 
pression machines,  52,  53 

Duplex    marine   type  of   carbonic  acid 
machines,  360-362 

Duteme,  Victor,  metallic  packing,  478 

Dynamite  factories,  refrigeration  in,  402 


EARLY    investigators    and    experi- 
menters in  the  production  of  very 
low  temperatures,  508-512 
Eclipse  atmospneric  condenser,  143 

—  can  ice-making  box,  419 

—  system,  plan  of  ice  factory  on, 

*  447 
Economiser  or  temperature  exchanger, 

161,  177 

Economy  of   direct    expansion   system, 

250.  251 

—  of  multiple  effect  distilling  apparatus, 

444 
Effective   surface    of   cooling  pipes,   to 

increase,  264 

Efficiencies  of  ice  plants,  458 

Efficiency,  loss  of,  in  ammonia  compres- 
sors, 56 

—  of   refrigerating    machine,    greatest 

theoretical,  15 

—  of  submerged  condenser,  to  insure 

utmost,  138 

—  principal  qualities  to  be  sought  for 

in  compressor  to  ensure  maximum, 

53-56 
Egg  rooms,  correct  relative  humidity  in, 

497 

Eggs,  cold  storage  of,  347-349 

Egypt,  use  of  ether  machine  during  mili- 
tary operations  in,  109 

Elder,  Dempster  and  Co.,  transport  of 
bananas  from  Jamaica  by,  4 

Electrically-driven  ammonia  compressor, 

100 
compressor  on  railway  van,  337 

—  operated  beef  hobt,  339-342 
mutton  hoist,  342,  343 

Electrical  ten«perature  tell-tales  and  long- 
distance thermometers,  495,  496 

—  welding  of  condenser  and  evaporator 

coils,  124 
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Electric  fans,  use  6f,  for  circulating  air, 
288,  289 

—  welding,  124,  240,  241 
Elevating  and  convcving  machinery,  ice, 

447 
Elevators  or  hoists,  ice,  454-456 

Emery,  Charles  E.,  experiments  with 
non- conductor  of  heat,  304,  305 

Endless  travelling  band  or  apron  choco- 
late-cooling apparatus,  380 

Engineer^  description  of  Poelsch  method 
in,  405 

Engineeii'jgy  non-heat-conducting  pro- 
perties of  various  substances,  309 

Engine-room  of  steamships,  location  of 
carbonic  acid  machines  in,  359 

Enock,  Arthur  G.,  safety  de\ice  for  com- 
pressors, 70,  71 

Equation  expressing  greatest  theoretical 
efficiency  of  a  refrigerating  ma- 
chine, 15 

Equivalent  of  a  ton  of  ice,  415 

—  of  heat,  mechanical,  8,  9,  r6 
Equivalents  of  weight,  metric,  523 
Escher,    Wyss    et    Cie,    carbonic    acid 

machine,  135 
Esthonian  tribe,  use  of  artificial  cold  by, 

Estimate    of   refrigeration    required    in 

breweries,  553 
Ether,  advantages  of,  as  an  agent  in  hot 

climates,  43,  107 

—  composition  of,  107 

—  compression  machines,  36-43, 107- 1 10 
experiments  with,  by  Dr.  CuUen,  34 
machine  at  brewery,  first,  379 

—  —  cost  of  working,  502 

—  mcthylic,  distilling  machine,  39 

—  objections   to   the  use   of,  as  a  re- 

frigerating agent,  43,  107,  108 

—  properties  of,  107 
Evaporating  coil  bend,  239,  240 
Evaporation  of  liquids,  522 
Evaporative  surface  condensers,  r42-i46 
Evaporator,  care  of,  444 
Evaporators,  78,  79,  83,   no,  114,  117, 

118,  120,  121,  124,  135,  154,  156, 
157,  160 

Even  distribution  of  work  of  compressor, 
arrangement  for,  95,  96 

Ewing,  Prof.,  on  cascade  or  successive 
cycle  system,  50Q,  510,  512 

Exchanger,  heat.     See  Economiser 

Exhaust  steam,  apparatus  for  making 
distilled  water  from,  437 

Exhibition,  Paris,  carbonic  acid  com- 
pressor in  brewery  section,  135 

Expansion,  direct,  economy  of,  251 


Expansion  of  gases,  laws  of,  10 

—  side  of  ammonia  compression  ma- 

chines, 52 

—  system,  the,  248-252 

—  valve  for  methylic  eiher  machine,  41 

—  valves  and  cocks,  adjustment  of,  53 
and  cocks,  various,  221-226 

Experiments  by  Dr.  CuUen  with  ether, 

.34 

—  with     non-conducting     substances, 

299-312 
External  carcass  hoist,  343 
Extreme  limits  of  space  per  foot  of  piping, 

253>  254 

FACTORII":S,  ice,  445-447 
Fahrenheit    thermometrical    scale, 
zero  on,  9 
Fans,  centrifugal,  552 

—  or  blowers  for  cooling  atmospheric 

condensers,  145 

—  power  required  by,  552 

—  proportions  of,  552 

—  use  of,   for  circulating  air  in  cold 

stores,  288,  289 

Faraday,  Prof.,  experiments  in  liquefac- 
tion of  gases,  508 

Feathering  agitators,  419 

Features,  chief,  to  be  looked  for  in  water- 
cooling  tower,  151,  152 

Fermenting  rooms,  cooling  of,  384, 
385-388 

Film  evaporation,  441 

Firms  directly  interested  in  refrigeration, 
number  of,  5 

First  cargo  of  apples  from  Melbourne,  4 

—  class  ether  machine,  results  obtained 

with,  42 

—  compression  machine,  ^l^  34 

—  law  of  thermo-dynamics,  6,  9 
Fish,  cold  storage  of,  345,  346 

Fish   freezing,  cubic  feet  of  space  per 

running  foot  of  2-in.  piping,  254 
Fixary  ammonia  compressor,  76 
Flange  unions  or  connections,  237,  238 
Flash  valve.     See  Expansion  valve 
Flasks,  vacuum,  for  liquid  air,  511 
Flat  plates  for  air-cooling  batteries,  267 
Flines  les  Raches,  use  of  refrigeration  for 

sinking  shafts  at,  405 
Flooring  for  cold  stores,  321-323 

ice  houses,  323 

Floors  of  cold  stores,  radiation  of  heat 

through,  260 
Fluorine,  liquefaction  of,  511 
Fontaine.     See  Mollet,  Fontaine  et  Cie 
Fontinette  canal  lift,  use  of  refrigeration 

in  construction  of,  407 
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Forbidden  fruit,  cold  storage  of,  349 

Forced  air  circulation,  288-297 

Forecoolers.  See  Supplementary  con- 
densers 

Formula  for  ascertaining  amount  of  air 
delivered  by  cold-air  machine,  505, 

549 
calculating    amount   of   cooling 

water  for  submerged  condensers, 
141 
dimensions  of  submerged  con- 
densers, 140,  14  c 

conversion  of  degrees  Centigrade 

or  Reaumur  into  degrees  Fahren- 
heit, 524 

Foundations,  application  of  refrigeration 
to  the  construction  of,  404 

Fractions  of  an  inch  and  their  decimal 
equivalents,  556 

France,  simple  method  of  making  ice, 
used  m,  24 

—  use  of  cork  in,  as  a  non-conductor, 

298 
Freezing  chambers,  amount  of  lefrigerat- 
ing  pipes  necessary  for,  253 

—  fish,  method  of,  345,  346 

—  mixtures,  table  of,  22,  23 

—  or  choking  up  of  compression  system, 

483,  4«4 

—  times  for  different  temperatures  and 

thicknesses  of  can  ice,  457 

—  water  slowly,  at  comparatively  high 

temperatures,  416 
French  absorption  machine,  187 

—  brewery  section  of  Paris  Exhibition, 

carbonic  acid  compressor  at,  135 
Fresh  provisions,  trade  in,  1,2 
Frick  ammonia  compression  machine,  65- 

—  Company,     apparatus    lor    making 

distilled  waier,  437 
arrangement  for  cooling  brewery 

fermenting  rooms,  387,  388 
Baudelot     cooling      apparatus, 

383 

—  —  brine  strainer,  421,  422 

can  ice-making  box,  419 

cost  of  operating  ice   factories, 

506 

ice,  can  hoist,  452 

pattern  of  suction  valve,  233 

plans  for  ice  factories,  447 

plans  for  insulation,  328 

stop  valve,  228 

Friction  in  pipes,  544 

—  of  air  in  tubes,  551 

—  of  compressed  air  in  pipes,  loss  of 

pressure  by,  551 


Frigorific  mixtures,  general  law  govern- 
ing production  of  cold  by,  2 1 

See  also  Freezing  mixtures 

Frozen  beef,  imports  of,  from  New  South 
Wales,  3 
imports  of,  from  New  Zealand,  3 

—  carcasses,  imports  of,  2,  3 

—  cream,  trade  in,  4 

—  meat,  trade  in,  2 

—  mutton,  hanging  of,  before  cooking, 

258 
Fruit  cargo,  proper  stowage  of,  376 

—  trees,  regulation  of,  by  refrigeration, 

403 
Fruits,  C0I4  storage  of,  349-352,  376 

Fry,  J.  S.,  use  of  cold  air  for  chocolate- 
cooling  by,  379 

Function  of  refrigerating  and  ice-making 
apparatus,  main,  17 

Fungus  or  mould,  germs  of,  in  atmos- 
pheric air,  282 

Furniture,  upholstered,  preservation  of, 
by  refrigeration,  403 


GALE,  Arthur  Robert,   paper  on  re- 
frigerating machine,  216-218 
Gas,   ammonia,  difhculiies     of    dealing 

with,  50 
properties  of  saturated,  536 

—  compressor,  most  important  part  of 

compression  apparatus,  50,  57 
Gases,  Charles'  law  of  expansion  of,  10 

—  laws  of,  10 

—  liquefaction  of,  508-52 1 

—  Lussac*s  law  of  expansion  of,  10 
Gas  for  balloons,  use  of  refrigerUion  for 

purification  of,  40J 

—  motor,  advantages   of,   for    driving 

small  refrigerating  machines,  276 
Gasoline,  use  of,  as  a  refrigerating  agent, 

43 
Gasworks  breeze,  use  of,  for  insulating 

purposes,  298 
Gay,  C.  M.,  arrangement  for  circulating 

•     air,  287 
General  law  governing  production  of  cold 

by  frigorific  mixtures,  21 

—  rules  in  relation  to  the  circle,  553 
Generator  for  absorption  machine,  154, 

157,158 

Germany,  use  of  cork  in,  as  a  non-con- 
ductor, 298 

Germs  of  fungus  or  mould  in  atmospheric 
air,  382 

Giffard  cold-air  machine.  193,  200-202 

Gland  of  carbonic  acid  machine,  to  pack, 
482 
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Gobert  method  of  using  refrigeration  for 
constructional  work,  408-414 

Godell,  Henry  Carr,  use  of  lampblack  as 
an  insulating  material,  299,  333 

Gorman  improvements  in  absorption 
machines,  173 

Gorrie,  cold-air  machine,  192 

Gottbrecht,  Dr.,  experiments  on  proper- 
ties of  ammonia,  249 

Gothenburg,  milk  shipped  to  London 
from,  4 

Grapes,  cold  storage  of,  349,  350 

—  trade  in,  4 

Gravity  air  circulation  in  cold  rooms  or 
chambers,  283 

—  apparatus  for  lowering  carcasses,  344 
Greatest  theoretical  efficiency  of  a  re- 
frigerating machine,  15 

Great  Southern  and  Western   Railway, 

Ireland,  refrigerator  car,  323 
Green  vegetables,  cold  storage  of,  352 


HABRIER,  experiments   in    lique- 
faction of  gases,  508 
Hainault  coalfield,  refrigeration  for  shaft- 
sinking  at,  465 
Hair  felt,  use  of,  for  insulating  purposes, 

298 
Hall,  cold-air   machines,  211,  212,276, 

371 

—  J.  &  E.,  Ltd.,  carbonic  acid  com- 

pression machines,  119-126 

—  —  cold-air  machines,  marine  types, 

371 
duplex  horizontal  carbonic  acid 

compressor,  125,  126 

marine  types   of  carbonic    acid 

machines,  359-362 

—  plan  for  chilling  and  freezing  on  wall 

system,  264,  265 

—  —  small     vertical     self  -  contained 

carbonic  acid  machine,  1 19- 125 
single      cylinder     double-acting 

horizontal  carbonic  acid  compres- 
sor, 125 
steamers  fitted  with  refrigerating 

machinery  for  the  butter  trade,  4 
to   charge    and    work    carbonic 

acid  machine  of,  480-484 
Halsey,  F.  A.,  loss  of  pressure ijy  friction 

of  compressed  air  in  pipes,  551 
Hampson,  production  of  liquid  air  by, 

512,513,515,516 
Hand  power  ice-making  machine,  32 
Hargreaves  and  Inglis  cold-air  machine, 

202 

—  See  also  Hick  Hargreaves 


Harrison  ether  machine,  2 

—  ether  machine  erected  at  brewerv, 

firet,  379 

—  ether  machine  in  paraffin  works,  393- 

396 

—  James,  ether  compression  machine, 

37 
improved  vacuum  apparatus,  28- 

30 

—  vacuum  machine,  cost  of  making  ice 

with,  504 

—  See  also  Twining  and  Harrison 
Haslam  atmospheric  or  open-air  evapora- 
tive surface  condenser,  144 

—  beef  chilling  room  fitted  with  patent 

brine-cooling  batteries,  271 

—  cold-air  machines,  204-288 

—  cold-air  machines  at  London  and  St. 

Katherine  Dock,  245,  247 

—  distilling  apparatus,  439 

—  formula  for  ascertaining  amount  of 

air  delivered  by  cold -air  machine, 

549 

—  Foundry  and  Engineering  Co.,  Ltd., 

marine   types  of  ammonia  com- 
pressors, 363-366 

—  Sir    Alfred     Seale,    ap{)aratus    for 

cooling  air,  265-267 
improvements  in  ammonia  com- 
pressors, 82-87 

Head,  safety  compression,  65-70,  95, 
96 

Healthy  working  of  ammonia  machine, 
signs  of,  467 

Heat  and  temperature,  distinct  meanings 
of,  8 

—  conducting    power   of  various  sub- 

stances, slate  being  1000,  310 

—  definitions  of,  6 

—  discovery  of,  8 

—  exchanger.     See    Temperature    ex- 

changer 

—  generated    by    compression,     mis- 

leading nature  of  ptirase,  14,  15 

—  latent,  8,  546 

—  mechanical  equivalent  of,  8,  9,  16 

—  pump,  refrigerating,  machine,  a,  18 

—  sensible,  546 

—  specific,  8,  546 

and  composition  of  victuals,  498 

"Heating  by  Hot  Water,*'  experiments 
regarding  heat-conducting  pro- 
perties of  various  substances,  3  lo 

Hendrick's  condenser,  148 

Henry  Vogt  Machine  Company,  absorp- 
tion machine,  176,  177 

Hercules  discharge  and  suction  valve, 
230,  231 
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Hercules  Ice-making  and  Refrigerating 
Machinery  Co.,  ammonia  com- 
pressor, 97 

Hick  Hargreaves,  cold-air  machine,  202 • 
204 

Hill,  F.  B.,  arrangement  of  cold  store  or 
chamber,  265,  266 

—  arrangement  for  removing  snow  or 

hoar  frost   from  refrigerating  sur- 
faces, 264 
Hill  and  Gorman,  improvements  in  absorp- 
tion machines,  173 

—  and  Sinclair,  improvements  in  absorp- 

tion machines,  174 

—  Frederick  Barker,  improvements  in 

absorption  machines,  173, 174-176 

—  method  of  making  clear  or  cr)'stal 

ice,  429-431 
History  of  trade  in  frozen  meat,  2 
Hoar  frost,  removal  of,  from  refrigerating 

surfaces,  264 
Hoisting  and  conveWng  machineiy,  339- 

344 
Hoists.    See  Elevators  or  Hoists 

Holden  system  of  ice-making,  434,  435 

Holds  of  vessels,  cooling  of,  403 

Hollow  or  semi- cylindrical  door  for  cold 

storage  chamber,  278-281 
Hopkinson,  Dr.,  on  cost  cf  making  ice 

with  VVindhausen   machine,  503, 

504 

—  description  of  Windhausen  machine, 

26 

Hops,  cold  storage  for  preservation  of, 

393 
Horizontal  duplex  marine  type  carbonic 

acid  machines,  360,  361 

—  pipe,  mercury  well  for,  486 
Hospitals,  cooling  of  atmosphere  of,  in 

warm  climates,  403 
Hot  beer  wort,  refrigeration  of,  381-383 

—  climates,    simple    methods   of  pro- 

ducing cold  in,  24 
Hotel,  arrangement  of  refrigerating  plant 

in,  277-281 
Houses,  ice,  ceilings  for,  323 

floorings  for,  323 

Houssu  coalfieTds,  use  of  refrigeration  for 

sinking  shafts  at,  405 
Humidity,  correct  relative,  for  a   given 

temperature  in  egg  rooms,  497 
Hutton,   efficiency    of   hydraulic    rams, 

543 

—  proportions  of  hydraulic  rams,  543 

—  quantity   of  water   dischargedf   per 

minute  by  barrel  pumps,  542 
Hydrants,  advisability  for  provision  of,  in 
ice  factory,  457 


Hydraulic  memoranda,  545,  546 
Hydrometer  scales,  comparison  01  various, 

538,  539 
Hygrometers,  495 


ICE  and  Cold  Machine  Co.,  absorp- 
tion machine,  177-179 

—  and  refrigeration,  articles  on  circula- 

tion of  air  in  cold  storage  cham- 
bers, 282-297 

—  apparatus  for  manufacture  of,  62 

—  can  hoist  for  small  plants,  452 

—  cans  or  moulds,  26 

—  crushing  or  breaking  machinery,  464 

—  cube,  550 

—  dump,  automatic,  452-454 

—  elevating  and  conveying  machinery, 

447 

—  factories,  advisability  for  provision  of 

hydrants  in,  457 

approximate  cost   of   operating, 

506 

445-447 

—  houses,  ceilings  for,  323,  324 

flooring  for,  323 

--  making,  415-445 

cost  of,  507 

in  breweries,  313 

machine,  American,  20 

machines,  management  of,  457, 

465-498 
or  congealing  tanks,  marine,  375, 

376 

plant,    information    required    to 

estimate  cost  of,  550 

—  packing,  457,  461,  462 

—  properties  of,  415 

—  stores,  refrigeration  of,  461 
ventilation  of,  461 

—  tanks    and    refrigerator    combined, 

Pictet's,  44 

—  water.      See  Attemperating 

Ideal  Refrigerating  and  Manufacturing 
Co.,  ammonia  compressor,  95,  96 

Imitation  of  natural  system  of  ice-mak- 
ing. 445 

Imperfections  of  flrst  absorption  machmes, 

154.  155 
Important   part    of   ammonia    machine, 

most,  50-56 

Imports  of  butter,  4 

—  of  cheese,  4 

—  of  chilled  beef,  3 

—  of  fresh  beef  from  Continent,  3 

—  of  frozen  carcasses,  2,  3 
Improved  Carre  hand-power  ice  machine, 

32 
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Impro\ing  air  circulation,  means  for, 
286-288 

Inclosed  types  of  ammonia  compressors, 
80,  91,  94»  95»  103-106,  1 14-1 18 

Increase,  the  effective  surface  of  cooling 
pipes,  to,  264. 

India-rubber  packings  for  ammonia  com- 
pressors, 479 

—  -  works,   use  of  refrigerating  ma- 

chinery in,  403 

—  -  West,  Dock,  lifts  at,  343 
Indicator  diagrams,  63-65,  70,  220,  489- 

491.     See  also  Diagrams 
Inflation  of  balloons,   use  of  refrigera- 
tion  for  purification  of  gas   for, 

403 
Information  required  to  estimate  for  cost 

of  ice-making  plant,  550 
to  estimate  for  cost  of  refrigerat- 
ing plant,  549 

—  useful,  545,  546 

Inglis.     See  Hargreaves  and  Inglis 
Injections  of  sealing  and  lubricating  oil 

into  compressor  cylinder,  53 
Inlet  valves,  22><-233,  266 
Inspection  of  cold  storage  space  on  board 

ship,  374,  375 
Instructions  to  surveyors  re  carbonic  acid 

machines,  Board  of  Trade,  359 
Insulating     structures,    transmission    of 

heat  through  various,  312 
Insulation,  2q7 

—  of  marine  Installations,  358,  367 
Internal     arrangement    of   cold    stores, 

257 
Introducti-  n,  1-5 

Iron,  ammonia  no  chemical   action  on, 

250 

—  ceilings,  cellars  with,  276 

JACOBUS,  Professor,  latent  heat  of 
air,  519       • 

Jamaica,  transport  of  bananas  from,  4 

Jamieson,  Professor  Andrew,  experi- 
ments by,  on  conductivity  of  sub- 
stances, 301,  302,  305 

Jib,  crane,  long,  for  raising  carcasses 
from  barges,  343 

Johnson  and  Whitelaw's  absorption  ma- 
chine, 187 

Joints,  breaking  of,  in  ammonia  machines, 

477,  47« 

—  pipe,  and  unions,  233-242 

Joint  socket  bend,  soldered,  238 

Jones,    Walter,   experiments    regarding 

non  -  conductmg     properties      of 

various  substances,  310 


Joule  on  production  of  very  low  tempera- 
tures, 5i3f 5<4 
Joule's  mechanical  equivalent  of   heat, 

8,9 
Juice,  precautious  to  prevent  loss  of,  from 

frozen  mutton,  258 

KELVIN,  on  production  of  verj'  low 
temperatures,  513,  514 
KJcselguhr,  result  of  tests  as  to  conduc- 
tivities of,  303,  304 

—  use  of,  as  an  insulatmg  material,  298 
Kilboum  ammonia  compressor,  inclosed 

type,  80 

—  cream  cooler,  399 

—  improved  type  of  ammonia  compres- 

sion macnine  in  dairy,  399 

—  marine   ice-making   or    congealing 

tank,  375,  376 

type    of   ammonia    compression 

machine,  366 

—  M.  J.  K..  inventor  of  improvements 

in  refrigerating  machinery,  80 

—  pipe  joints,  235-238 

—  stop-cock,  227,  228 
Kingdom,  United,  cold  stores  in,  5 
Kingsford,    improvements    in     vacuum 

machines,  25 
Kirk,  Alexander,  cold-air  machine,  192, 

'93 

—  Dr.    A.    C,  application    of    ether 

machine  to  extraction  of  paraffin 
from  shale  oil,  379,  393-39<> 
Klein  oil  separator  or  collector,  430 

—  water-cooling  tower,  152 

**  Knight's  Dictionary,"  description  of 

Van  der  Weyde's  machine,  43 
Koch  method  of  using  refrigeration  for 

constructional  work,  408 
Kroeschell  Bros.  Ice-Making  Co.,  car- 
bonic acid  compressor,  13 1 -134 

horizontal    belt -driven    carbonic 

acid  compression  machine,  133-134 

horizontal    rope-driven   carbonic 

acid  compressor,  134 

vertical  oelt-driven  carbonic  acid 

compression  machine,  132,  133 

LAGER  beer  fennenting  rooms  and 
store  cellars,  cooling  of,  379 
La  Hire's  epicycloidal  device,  202 
Lampblack,  use  of,  for  insulating  pur- 
poses, 298,  299,  333 
Land      installations,      Linde     machine 

especially  designed  for,  72 
Lange's    improved    pump    for    vacuum 
machme,  28 
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Latent  heat,  6,  546 

—  heat,  discovery  of,  8 
of  ammonia,  J29,  530 

Laundries,  use  of  refngeration  in,  403 

Lavoisier  ice  calorimeter,  tests  of  con- 
ductivity with,  304 

Law,  general,  governing  production  of 
cold  by  frigorific  mixtures,  2 1 

Lawton,  Mr.  A.  W.,  process  for  pre- 
serving fruit,  350-352 

Leakage  at  joints,  cocks,  valves,  etc.,  in 
direct  expansion  system,  249 

—  of  gas  past  piston  rod,  methods  of 

preventing,  72,  73,  75,  76,  87,  93, 

94 
past  piston  rod,  stuffing  box,  and 

gland,  Linde  method  of  prevent- 
ing, 72-74 

—  See  also  Piston  rod 

Leaks  in  ammonia  apparatus,  491,  492, 
560 

—  in    carbonic    acid    machines,    492, 

560 
Lebrun,  Mr.  B.,  cooling  pipe  with  gills  or 

flanges,  242 

inclosed  type  of  compressor,  106 

Lemons,  cold  storage  of,  349,  350 
Leslie,      improvements       in       vacuum 

machines,  25 
Lifts.     See  Elevators  or  Hoists 
Lightfoot  cold-air  machine,  208-2 1 1 

—  insulation  r*  commended  by,  298 
Lightfoot,  T.  B.,  ammonia  compressor, 

82 

—  cold-air  machine,  use  of,  for  choco- 

late cooling,  379 

—  combined  refrigerating  and  ice-making 

tank,  434 

—  condenser,  140 

—  experiments  on  heat  conductivity  of^ 

slag  wool  and  charcoal,  3 10-3 12 

—  observations    by,  on    frigorific  mix- 

tures, 21 

—  on  cold-air  machines,  190-192 

—  on  cost  of  working,  500-502 

—  particulars  regardmg  ether  machine, 

4» 

—  results  of  tests  with  Linde  compres- 

sion machine,  73 
Lime,  cold  storage  of,  349 
Limit   to  ratio    between    diameter   and 

stroke  in  ammonia  compressors,  55 

Linde,  Carl,  ammonia  compressors.  71-76 

method  of  agitating  water  during 

freezing,  422 

—  Company,  water-cooling  tower,  153 

—  marine   type  ammonia  compression 

machine,  363 


Linde,  production  of  liquid  air  by,  512,' 

516.519 
Lineal  feet  of  i  -inch  piping  required  per 

cubic  foot  of  cold  storage  space, 

254 
Liquefaction  of  a  solid,  abstraction  of  heat 

by,  18 

—  of  gases.      See  Production  of  very 

low  temperatures 

—  process,  the,  18,  19-23 

—  use  of.  by  the  Ancients  for  refrige- 

rating purposes,  19 

Liquefactor.     See  Condenser 

Liquefied  agent,  arrangement  for  re- 
moving, from  condenser,  144 

Liquefier.     See  Condenser 

Liquid  air,  cooling  van  by  means  of,  337, 

339 
See  Production  of  very  low  tem- 
peratures 
Liquids  available  for  use  in  refrigerating 
machines,   pressure    and    boiling 
point,  527 

—  evaporation  of,  522 
Liquor  ammonia,  strength  of,  532 

Live  cattle,  cooling  holds  of  vessels  for, 

403 
Lobrist,  John,  refrigerator  car  designed 

by,  336,  337 

London  and  India  Docks  Co.,  refrige- 
rating installation  at,  247 

London  and  Tilbury  Lighterage  Company, 
refrigerated  barges,  377 

Long-distance  thermometers,  495,  496 

Loose  tooTs  required  in  an  ice  factory, 

456 

Lorenz,  Hans,  interpretation  of  com- 
pressor diagrams,  489-491 

Lowe,  carbonic  acid  machine,  45 

Low-pressure  refrigerating  agents.  See 
Ether,  Methyl  chloride,  Sulphur- 
ous acid 

Low,  Professor  D.  A.,  c  instruction  of 
chart  applicable  to  any  value  of  », 
12.  13 

Lubrication  of  refrigerating  machinery, 
484 

—  qualities  of  ammonia,  478 
Lucaniaj  refrigeration  of  cargo  holds  of, 

367-369 
of  provision  stores  of,  369-371 

Lugo  and  McPherson,  cold-air  machine, 

202 

—  See  also  Tuttle  and  Lugo 
Lussac's    law    of   expansion    of    gases, 

10 
Lyon's    improved    absoq^tion    machine, 
180-183 
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MACDONALD,  Mr.  C.  A.,  amrao- 
nia  compressor  designed  by,  97 
Mdcfa,  Dr.  Ernest,  on  heal,  6,  7 
Machines,  absorption,  18,  154-188 

—  ammonia  compression,  51-106 

—  carbonic  acid   compression,  44,  47, 

"9-136,35^-362 

—  capacity  of,  required  for  refrigeration 

of  cold  storage  chamber,  258,  259 

—  cold-air,  18,  189-220,  371-374 

—  ether  compression,  36-43,  107- no 

—  methyl  chloride  compression,  no 

—  sulphurous  acid  compression,  110-118 
Mackay  and  Christiansen,  impiovements 

in  absorption  machines,  155 

—  Frederick    Noel,    airangement    for 

cooling    cold    storage    roi  ms    or 
chambers,  264 

improvements  in    absorption 

machines,  164,  165 

Main   function  of  refrigerating  and  ice- 
making  apparatus,  17 

Management  and  testing  of  refrigerating 
machinery',  465.498 

—  cold-air  machiues,  proper,  492 
Manufacturer    of   chloride    of   calcium, 

solutions,  547 
Manufacturers,    information   required   to 
.estimate   for    refrigerating    plant, 

549 
Manufacturing  and  industrial  applications, 

379-4H 
Marcet,  Alex.,  rate  of  pas.sage  of  heat 

through  various  matei^ials,  307 

Marchant  cold-air  machine,  193 

Marine  refrigeration,  358-377 
•  Mariotte's  law,  10 

Martindale,  Colonel  B.  H.,  on  refrige- 
rating chambers  at  St.  Katherine's 
Docks,  245 

Marvin,  hygrometer,  49; 

Mash  tuns  refrigerated,  381 

Matatira^  cargo  of  frozen  meat  in,  2 

Maxwell,  absolute  zero,  10 

—  definition  of  heat,  7 

McRae,  Mr.  J.,  rotary  chocolate  cooler, 

379*  3»o 
Mean  pressure  of  compressor,  325 

Means  for  improving  air  circulation,  2J  6- 

288 

—  preventing    leakage    at    compressor 

piston-rod,  72,  73,  76,81,  9^  94 
Mean  temperatures  of  principal  cities  in 

the  world,  5^7-559 
Meat-carrying  chamber  on  board  Cam- 

panin  and  Lucanin^  367-369 
Meat,  cold  storage  of,  345,  346 

—  frozen,  history  of  trade  in,  2 


Meat,  trade  in  frozen,  2 

Mechanical  equivalent  of  heat,  8,  9,   16 

—  or  forced  air  circulation,  288-297 

—  refrigeration,    theory   and    practice 

of,  6-18 
work  demanded  of  a  machine  for, 

13.  '4 
Mediums,  refrigerating.     See  Agents 

MelbouiTic,  first  cargo  of  apples  from,  4 

Mercury  well  for  horizontal  |>i|)e,  486 

for  vertical  pipe,  486 

Method  for   preventing  leakage  of  gas 

past    compressor    piston-rod,  72, 

73»  75»  76 

—  of  testing  capacity  of  refrigerating 

machine,  487,  488 
Methods  of  ice-making,  various,  416-445 

—  of  piping   that    hinder    circulation, 

282-286 
Methyl  chloride,  advantages  of,  as  a  re- 
frigerating agent,  1 10 

—  —  composition  of,  110 

disadvantages  of,  as  a  refrigerat- 
ing agent,  1 10 
•  —  —  properties  of,  1 10 
Methylic  etner  compression  machine,  39- 

'  41 
compression  machine,  expansion 

valve  for,  41 

—  —  distilling  apparatus,  29 
Metric  system,  the,  523.  535 

Meyer  steam  engine  for  driWng  ammonia 

compressor,  103 
Mica,  use  of,  as  an  insulating  material, 

29^  333 
Mild-cureJ    bacon,   use   of  refrigerating 

machinery  for  produ'^tion  of,  273, 

274 

Milk,  relrigeration  of,  347 

—  shipped      from       (Gothenburg       to 

London,  4 

—  trade  in  iVozen,  4 

Mirrlees  Watson  and  Yary^an  Company, 

distilling  apparatus.  441-444 
Miscellaneous  arrangements  for  making 

clear  or  crystal  ice   by  agiiation, 

429.434 
>'ixer  ior  making  brine,  459   460 
Mixtures,  frigorific,  observations  on,  21 
Modem  physicists  on  heat.  7 
Modern  types  of  Boyle  ammonia  com- 

pri  ssors,  87-89 
Moissau,  experiments  by,  in  liquefaction 

of  gases,  5 1 1 
Moisture  in  air,   determination  of,  492, 

493 

—  properties   of  absorbing  gases,  281, 

282 
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Molesworth,  heat-condacting  power  oi 
various  substances,  310 

—  coefficients  for  efflux  of  air  from  ori- 

fices, 552 

—  centrifugal  fans,  552 

MoUet,  Fontaine  et  Cie,  carbonic  acid 
compressor,  135 

Mort,  improvements  m  absorption  ma- 
chines, 155 

—  temperature  exchanger,  161 

—  See  also  NicoUi  and  Mort 
Morton.    Professor    Henry,    on    power 

obtainable  by  expansion  of  liquid 

air,  SI 9-54 1 
Mouge,   experiments  by,  in  liquefaction 

of  gases,  508 

Mould,  germs  of,  in  atmospheric  air,  2^2 

Moulds,  cold  slabs  or  tables  for,  1 74 

—  or  cans,  ice.  26 

Multiple  effect  distilling  apparatus,  439- 

444 
Mutton,  frozen,  banging  before  cooking, 

258 

—  hoist,  electrically-driven,  342,  343 

NAIRNE,  vacuum  machine,  25 
Naphtha,  use  of,  as  a  refrigerating 
agent,  43 
Nattner,  experiments  in  the  liquefaction 

of  gases,  508 
Natural  system  of  ice-making,  imitation 

of,  445 
Neff,  Mr.  Peter,  on  ratio  of  diameter  to 

stroke  in  ammonia  compressors,  56 
Nelson's    cold  storage  wharf,    external 

carcass  hoists  at,  343 
Nesslcr's  re-agent,  492 
Neubecker,  ammonia  compressor,  76,  77 
Neuere  Kuehlmaschinen,  interpretation 

of  compressor  diagrams,  489-491 
New  South    Wales,  imports  of   butter 

from,  4 
—  imports  offrozen  meat  from,  3 

—  Zealand,  imports  of  frozen  beef  from, 

3 
Shipping  Company,  refrigerating 

installation,  365,  366 
use  of  pumice  stone  as  an  insula- 
ting material  in,  298 

Niagara  Hall,  artificial  ice  skating  rink 
at,  404 

NicoUi  and  Morts*  improvements  in  ab> 
sorption  machines,  188 

Nishigawa  improvements  in  absorption 
machines,  173 

Non-conductive  values  of  different  ma- 
terials, results  of  tests  as  to,  306, 

307 


Non -heat-conducting  properties  o!"  various 
substances,  309 

Nonpareil^  first  cargo  of  West  Indian 
fruit  in,  4 

Northmore,  experiments  by,  in  the  lique- 
faction of  gases,  500 

Number  of  cubic  feet  covered  by  one 
foot  of  I -inch  iron  pipe,  255 

—  of  cubic  feet  covered  by  one  ton  re- 

frigerating capacity,  255 

—  of  firms  directly  interested  in  re- 

frigeration, 5 

—  of  vessels  fitted   with    refrigerating 

machinery,  5 

OBJECTIONABLE  features  of  can 
system  of  ice- making,  419-421 
Objections  to  the  cold -air  machine,  189, 
218,  219 

—  to  the  use  of  ether  as  a  refrigerating 

agent,  43 
Observations  on  frigorific  mixtures,  21 
Oceana  J  first  cargo  of  apples  in,  4 
Oil  for  lubricating   ammonia  machines, 

468 

—  injection  of  sealing  and  lubricating 

into  compressor  cylinder,  53,  56-65 

—  presence  of,  in  ammonia  system,  468 

—  separators  or  collectors,  71, 436,  437, 

470-475 
Olszewski,  experiments  by,  in  liquefaction 

of  gases,  510,  511 
Omnes,  experiments  by,  in  liquefaction  of 

gases,  5 1 1 
Onions,  cold  storage  of,  352 
Opaque  ice,  reasons  for,  410 
Open-air  condensers.     See  Atmospheric 

condensers 
Opening  up  ammonia  machines,  necessary 

precautions,  52 

—  —  carbonic  acid  machines,  necessary 

precautions,  481 
Open  trough  system  of  coolinjr,  271,  272 
Operation  of  absorption  machine,   158, 

159,  161 

—  of  Frick  safety  compression  head, 

68-70 

Operations,  cycle  of,  in  ammonia  com- 
pression machines,  52 

Oranges,  cold  storage  of,  349 

Ordinary  form  of  atmospheric  condenser, 

142,  144 
of  cream  cooler,  399 

Ordway,  Prof.  John  M.,  experiments  by, 
on  non-conducting  coverings,  304 
experiments  regarding  non-heat- 
conducting   properties  of  various 
substances,  309 


58o 


INDEX. 


Oruntf  cargo  of  frozen  meat  in,  2 
Orifices,  coeflicieots  for  efflux  of  air  from, 

552 
Orosius  on  production  of  cold  by  Estho- 

nian  tribe,  19 
Oscillating  ice-making  tank  or  box,  43 1 
Oxydising  of  tea,  regulation  of,  by  re- 
frigeration, 401,  402 


PACKING  carcasses  in  cold  rooms  or 
chambers,  258,  376 

—  house,  cubic  feet  of  space  per  running 

foot  of  piping,  254 

—  ice,  462 

Packings,  compressor  piston -rod,  478-480 

—  in    ammonia     compressor     stuffing 

boxes,  to  drive  home,  480 
Palmely,  Caleb,  on   Grobert   method  of 

congelation      for      constructional 

work,  408-414 
PapcrJ^or  cloth,  hard   pressed   asbestos, 

value  of,  as  an  insulating  material, 

304 

—  use  of,  for  insulating  purposes,  298 

Paniy  accident  on  board,  351 

Paraffin  oil  works,  refrigeration  in,  393- 

396 

—  solid,  extraction    of,  from  shale  oil 

by  refrigeration,  379 
Paris  Exhibition,  carbonic  add  compressor 

at  brewery  section,  135 
Parsnips,  cold  storage  of,  352 
Partially  submerged  pump  or  piston  agi- 
tator, 432 
Particulai-s  regarding  ether  machine,  41 
Partitions,  divisional,  for  cold  stores,  320 
Parts,  main,  required  in  all  compression 
machines,  35,  36 

—  required    in   ammonia   compression 

machines,  51 

Pasteurization  of  milk  in  dairies,  object 
of,  401 

Pastry,  cold  slabs  or  tables  for  the  manu- 
facture of,  1 74 

Patent  system  of  preventing  leakage  at 
ammonia  stuffing  boxes,  480 

Peaches,  cold  storage  of,  350 

—  trade  in,  4 

Pears,  cold  storage  of,  350 

—  trade  in,  4 

Peclet  heat,  units  transmitted  per  square 

foot  per  hour,  300 
Peninsular  and  Oriental  Company's  cold 

storage  chamber,  375 
Percenta>;c  of  ammonia,  528 
Periodical  publications  dealing  wholly  or 

partly  with  refrigeration,  562 


Perkins',  Jacob,  fiist  compression  ma- 
chine, ^i,  34 

Photographic  accessories,  use  of  refrige- 
ration in  manufacture  of,  402 

Physical  constants  of  liquefied  gases,  518 

Physicists,  modern,  on  heat,  7 

Pictet  ammonia  compressors,  82,  83 

—  experiments  by,  in  the  liquefaction 

of  gases,  508-510 

—  Raoul,  expeiiments  by,  on  radiation 

at  low  temperatures,  300,  301 
sulphur    dioxide,    or    sulphurous 

acid  machine,  43,  44 
Pictet's     improvements    m    absorption 

machines,  187 
Pictet.     See  alsj  Tellier  and  Pictet 
Pieper,  Mr.,  on  amount  of  water  used  hy 

Windhausen  machine,  504 
Pipe  joints  and  unions,  233-242 
Pipe-loft,   or  coil-room,    system    of   air 

circulation,  287,  288 
Pipes,  friction  in,  544 

—  See  also  Cooling  pipes 
Piping  for  cold  stores,  253-256 

—  methods  of,    that  hinder  air  circu- 

lation, 282-286 
Piston  or  pump   agitators    for    making 
clear  or  crxstal  ice,  431-434 

—  rod,   means  for  preventing   leakage 

at,  72,  73»  76,  81,  102,   122,  129, 

'32,  I33»  »3S 

—  rod  packings,  compressor,  478-480 
Pitch,  use  of  for  insulating  purposes,  298 
Plant  growth,  regulation  of,  by  refrigera- 
tion, 403 

Plate,  heat-units  transmitted  through, 
square  foot  per  hour,  300 

—  or  wall  system  of  ice-making,  416, 

422-425 

—  system  of  making    clear    or  crj'stal 

ice,  416 

Poelsch  process  for  sinking  shafts  by 
refrigeration,  405-407 

Points  to  be  looked  fi.r  in  a  M*ater-cool- 
ing  tower,  151,  152 

Pontifex,  E.  L.,  improvements  in  absorp- 
tion machines,  155,  107,  168 

Pontifex- Wood,  absorption  machine,  use 
of,  in  artificial  oulter  works,  397, 

398 
absorption  machine,  working  of, 

499'  500 
can  ice-making  tank  or  box,  418, 

419,  426,  428 

ice-making  tank  or  box  on  wall 

or  plate  system,  423,  424 

improvements  in  absorption  ma- 
chines, i^*c<-i73 
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Pontifex-Wood,  pyramid  ice-making  box, 

4(8 
Portable  distilling  apparatus,  443,  444 
Postle  cold -air  machine,  193,  194 
Power  obtainable  by  expansion  of  one 

pound  of  liquid  air,  519-521 

—  required  to  drive  centrifugal  pumps, 

543 
to  raise  water  from  deep  wells, 

542 
Practice,    limit    in,    between     ratio    of 

diameter  and  stroke  in  ammonia 

compressors,  55 

—  theory  and,  of  mechanical  refrigera- 

tion, 6-18 

Precautions  when  opening  up  compres- 
sion machines,  necessary,  52,  481 

Preservation  of  dead  bodies  by  refrigera- 
tion, 403 

—  of  furs  and  various  fabrics  by  re- 

frigeration, 403 

—  of  meat  by  refrigeration,  243 
Pressure,  absolute,  9 

—  and  boiling  point  of  liquids  available 

for  use  in  refrigerating  machines, 

527 

—  back,  loss  of  efficiency  in  ammonia 

compressors  from,  56 

—  of  water,  540 

Principal  freezing  mixtures,  table  of,  22, 23 
Principles  involved  in  process  of  refrige- 
ration, simplicity  of,  1 7 

—  of  operation  of  ammonia  compressor, 

5^52 
Process,  absorption,  the,  18,  154-188 

—  compression,  the,  18,  33-106 

—  liquefaciion,  the,  18,  19-23 

—  vacuum,  18,  24-32 

"Production  of  cold  by  frigorific  mixtures, 
general  law  of,  2 1 

—  of  very  low  temperatures,  508-521 
Propeller  for  brine  agitation,  421 
Proper  management  of  cold-air  machines, 

492 

—  methods  of  storing,  and  temperatures 

for  cold  storage,  345.357 
Properties  of   saturated    ammonia    gas, 

—  of  saturated  steam,  554,  555 

—  of  solution  of  chloride  of  calcium, 

548 

—  of  chloride  of  sodium,  548 

Protos^  cargo  of  frozen  meat  in,  2 
Provisional  specification  of  Dr.  William 

Hampson,  515 
Provision  stores  or  chambers  on  board 

s.s.  Campania  and  Lucania^  369, 

370 


Provision  trade,  fresh,  i ,  2 

Psychrometers,  491,  492 

Publications,  periodical,   dealing  wholly 

or  partly  with  refrigeration,  562 
Public  buildings,  cooling  atmosphere  of, 

in  warm  climates,  403 
Pulsometer  Engineering  Co.,  Ltd.,  am- 
monia compressors,  77-80 

— cell  ice-making  tank  or  box, 

429 

cold  storage    chamber,    261, 

262 

cost  of  working,  502 

hand  power  ice  machine,  32 

ice  tank  or  box  room  of  ice 

factory,  446.  447 

ice-making  box,  424,  425 

refrigerated  barges,  377 

refrigerated  railway  van,  330 

Pumice  stone,  use  of,  as  an  insulating 

material,  298 
Pump  agitator  for  making  dear  or  crystal 

ice,  431-434 

—  for  clearing  absorber,  168 

—  for  vacuum  machine,  improved,  28 
Puplett  agitators  for  ice-can  box,  419 

—  ammonia    compression    machine  in 

small  store,  276 

—  and  Rigg,  arrangement   for  lifting 

ice  cans,  450-452 

patent  separator,  471 

regulating  valve,  223,  224 

—  marine  type  of  ammonia  compressor, 

363 

—  Samuel,  improvements  in  ammonia 

compressors,  83,  84 
Puplett's    water  -  saving    and    cooling 

apparatus,  149- 151 
Purification    of    gas    for    inflation    of 

balloons,  use  of  refrigeration  for, 

403 
Purity  of  carbonic  acid,  to  test,  1 19 

Pyramid  ice- making  box,  418 

/^^UALITIES     of    ammonia,    lubri- 
cating, 478 
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—  principal  to  be  sought  for  in  com- 
pressor, 53,  56 

—  rendering  carbonic   acid  particularly 

suitable  for  use  on  ship-board,  359 
Quality  of  oil  to  be  used  for  sealing  and 

lubricating  purposes  in  ammonia 

compressors,  57 
Quantity  of  water  discharged  per  minute 

by  barrel  pumps,  542 
Queensland,  imports  of  frozen  beef  from, 

3 
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Quiri   &   Co.,  atmospheric    condensers, 

H5 
sulphur  dioxide  compression  ma- 
chines, 113,  114 

RABBITS,  trade  in  frozen,  4 
Radiation  of  heat  through  walls  of 
cold    storage    chambers,    etc., 
259-261 
Railway  vans,  refrigerated,  330-338 
Ransome  and  Rapier  absorption  machine, 

177,  188 
Raoul    Pictet    Co.,     sulphurous     acid 

machine,  118 
sulphur  dioxide  or  sulphurous 

acid  machine,  43,  44 
Rapid  liauefaction  of  a  solid,  abstraction 

of  heat  by,  18 
Ratio   between  diameter  and    stroke  of 

ammonia  compressor,  54,  56 
Rau's  atmospheric  condenser,  145 
Reaumur  thermometrical  scale,  zero  on, 

9,  10 
Reciprocating  agitators  for  making  clear 

or  crystal  ice,  418-429 
Red  currants,  cold  storage  of,  350 
Redwood,  boiling  point,  latent  heat,  etc., 

of  anhydrous  ammonia,  529,  530 
Reece,  Rees,  improvements  in  absorption 

machines,  155,  159- ibi 
Refrigerated  railway  vans,  330-338 
Refrigerating     apparatus,    amount     of 

water  required  by,  550 

—  capacities,  table  of,  255 

—  capacity   in    B.T.U.    required    per 

cubic  foot  of  storage,  255 

—  machine  a  heat  pump,  18 

—  machine,  greatest  theoretical  effici- 

ency of,  15 

—  machinery,  classification  of,  18 
lubrication  of,  484 

—  plant,  information  required  to  esti- 

mate for,  549 

testing  of,  484-491 

Refrigeration,  amount  of,  required  in  cold 
stores,  253-256 

—  and  cold  storage,  243-338 

—  bibliography  of,  561,  562 

—  chemical  process  of,  18,  19-23 

—  in  butter  manufactories  and  dairies, 

396.401 

—  mechanical   working  of   a  machine 

for,  13,  u 

—  number  of  firms  directly  interested 

in,  5 

—  use  of  in  various  industries,  402-404 
Refrigerator.    See  Evaporator 
Regealed  ice  machine,  434,  435 


Regenerative  method  of  producing  very 
low  temperatures,  512-521 

Registering  thermometers,  496-497 

Regularity  of  temperature  of  fruit  cargo, 
necessities  for,  376,  377 

Regidating  the  temperature  of  ferment- 
ing of  tea  by  refrigeration,  401, 
402 

Regulating  valves.  See  Expansion  valves 

Rcgula'ion  of  plant-growth  by  refrigera- 
tion, 403 

Relative  humidity  for  a  given  tempera- 
ture in  egg  rooms,  correct,  497 

Remington  Machine  Co.,  single-acting 
inclosed  pattern  ammonia  com- 
pressor, 90,  91 

Results  of  experiments  on  the  conduc- 
tivities of  various  substances,  305 
regarding  heat-conducting  pro- 
perties of  various  substances,  309 

regarding  non  •  heat  -  conducting 

properties  of  various  substances, 

319 

—  of  tests  to  determine  the  non-con- 

ductive  values   of  different   ma- 
terials, Donaldson,  306-307 

—  of  tests  to  determine  the  non-con- 

ductive values  of  various  materials, 
Wallace,  307 

—  of  tests  on  the  heat-conductivity  of 

different  substances,  308 
Return  socket  bend,  238,  239 
Revolving  door  for  cold  storage  rooms, 

278-281 
Rhigoline,  use  of,  as  a  refrigerating  agent, 

Rice,  Mr.  A.  L.,  on  production  of  very 

low  temperatures,  513,  514 
Richardson,    Dr.   B.    W.,  on  effect  of 

ammonia  on  fresh  meat,  249 
Rich,  H.  S.  and  Co.,  work  on  eggs  in 

cold  storage,  349 
Rigg,  Jonathan  Lucas,  improvements  in 

ammonia  compressors,  83,  84 
Rigg.    See  Puplelt  and  Rigg 
Rifieux,  triple-effect  distilling  apparatus, 

438 
Rink,  artificial  surfaces  of  ice  at,  404 

Kiver  Plate,  imports  of  frozen  beef  from, 

3 

Rocking  or  oscillating  ice-making  tank 

or  box,  43 1 

Romans,  cooling  of  wine  by,  with  salt- 
petre, 19 

Roscoe,  Sir  Henry  E.,  on  carbonic  acid, 

47 
Roscoe,  solubility  of  ammonia  in  water 

at  different  temperatures,  53 1 ,  532 
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Rossi.     See  De  Motay  and  Rosai 
Rotary  agitators  for    making    clear    or 

crystal  ice,  418 
Rotating  discs,  arrangement  for  cooling 

air  with,  269 
Rotating  door  for  cold  storage  rooms, 

278.281 
Rough    estimate    of    refrigeration     in 

breweries,  553 
Ruapeku,     refrigerating  installation  on 

board  of,  365,  366 
Rugs,  preservation  of,  by  use  of  refrigera-  ^ 

tion,  403 
Rules,  general,  in  relation  to  the  circle, 

553 
Ryan,  T.  J.,  refngerator  car,  337 

SABROE  &  Co.,  Limited,  D.,  car- 
bonic acid  machine,  135 

Thomas   Ths.,   sulphurous   acid 

machine,  118 
Sacking  saturated  with  cold  brine,  cool- 
ing air  with,  269 
Safety  devices  for  compressors,  70,  7 1 

—  heads  for  compressor  cylinders,  65- 

70,95,96 

—  valves  for  carbonic    acid    machine, 

125,  129,  130.  133,  134 
Salsify,  cold  storage  ol,  352 
Salt,  properties  of  solution  of,  548 
Sandbach,  combined  cream  cooler  and 

heater,  399-401 
Santorio,  cooling  wine  by  mixture  of  snow 

and  salt,  19 
Saturated    ammonia  gas,   properties   of, 

524,  536       ,       ^ 

—  steam,  properties  of,  554f  555 
Saving  of  power  and  cooling-water  in 

condensers,  146,  147 
Schmidt,  M.  E.,  refrigerator  car,  337 

—  on  Poetsch  process  of  sinking  shafts 

by  refrigeration,  405-407 
Schmitz,    Mr.    Constanz,     method     of 

testing    capacity  of  refrigerating 

machine,  487,  488 
Schou,  H.  H.,  patent  evaporator,  135 
Scientific  American,  article  on  effect  of 

ammonia  on  fresh  meat,  249 
Screen  or  apron  in  front   of  side-wall 

piping,  286-287 
Screw  agitator.     Sfe  Agitator. 
Screwed  and  soldered  joints,  234-238 
Seeley,     improvements     in    absorption 

machines,  173,  185-187 
Self-contained  marine  type  of  ammonia 

compression  machine,  363,  364 
Selfe,    Norman,    ammonia   compressor, 

96,  97 


Self-registering  thermometer.    See  Ther- 

mograpn 
Semi -cylindrical  door  for  cold    storage 

rooms,  278-281 
Semi-steel,     use    of,      in      compressor 

cylinder,  132 
Sensible  heat,  546 
Separators  or  collectors,  oil,  436,  437, 

470-475 
Shafts,  use  of  refrigeration  for  sinking, 

404.414 

—  ventilating,  for  cold  stores,  281 
Shale  oil,  extraction  of  solid  paraffin  from, 

by  refrigeration,  379 
Shallow  stationary  cell  system  of  mak- 
ing clear  ice,  416 
Shipley,  Mr.  Thomas,  improvements  in 

St.  Clair  compressor,  106 
Sibeiian  rivers,  use  of  refrigeration  for 

prospecting  in,  408 
Siebe,  Gorman  &  Co.,  ether  compression 

machine,  37,  38,  42 
Siebel,  Professor,  amount  of  condensing 
surface  required    in    atmospheric 
condensers,  146 

on  cold  storage  of  fruits,  349 

on  dimensions  of  submerged  con- 

.  denser?,  140 

properties  of  solution  of  chloride 

of  calcium,  548 
Siemens*  ice-making  apparatus,  20 

—  experiments  by,   in  liquefaction  of 

gases,  508,  512 
Silicate  cotton.    See  Slag  wool 
Silks,  preservation    of,  by  means  of  re- 
frigeration, 403 
Simple  method  of  procuring  ice  used  in 
France,  24 

of  producing  ice  in  hot  climates,  24 

''Simplex**  absorption  machine,  179,  180 
Simphcity  of  principles  involved  in  pro- 
cess of  refrigeration,  17 
Sims,  solubility  of  ammonia  in  water  at 
different  temperatures  and  pres- 
sures, 553 

—  solubility   of  ammonia  in  water  at 

different  temperatures,  53 1 
Sinclair,   improvements    in    absorption 

machines,  174 
Single-acting  compressors,  advantages  of, 

disadvantages  of,  51 

losses  due   to  clearances  in, 

54,  55 

—  compound    marine    type    ammonia 

compressor,  363 

—  effect,  Yaryan  distilling  apparatus, 

439,  440 
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Sinking  of  collieiy  shaAs,  application  of 
refrigeration  to,  404,  405-414 

Sizes  and  capacities  of  various  ice-making 
plants,  459 

Skelp,   condenser    pipes  made  of,  144, 

145 
Skinkle,  Eugene  T.,  table  of  dimensions 

of  atmospheric  condensers,  146 

table  of  dimensions  of  submerged 

condensers,  141,  142 

Slabs  or  tables,  cold,  for  manufacture  of 
chocolate,  etc.,  174 

Slag  wool,  consistency  for  packing  insula- 
ting spaces  with,  299 

use  of,  as  an  insulating  material, 

298 

Small  brewery,  plan  of  refrigerating 
plant  for,  393 

—  cold  storage  chamber,  with  Haslam 

cold-air  machine,  276 

storage   chamber   with    Puplett 

ammonia    compre>sion    machine, 
276,277 

—  —  storage  chamber  with  Triumph 

ammonia    compression    machine, 

277 
Snow,  removal   of,    from    refrigerating 

surfaces,  264 

marine  cold  storage  chamber,  375 

Soci^t^  Genevoise  de  Construction,  sul- 
phurous acid  machine,  118 

Socket  bend  joint,  238 
return,  239 

Soda  water  works,  use  of  refrigeration  in, 
402 

Sodium,  chloride  of.    See  Salt 

Soft  fruits,  trade  in,  4 

bolid,  abstraction  of  heat  by  liquefaction 
of,   18 

Solidification  as  a  test  for  purity  of  car- 
bonic acid,  119 

Solid  paraffin,  extraction  of,  from  shale 
oil,  by  refrigeration,  379 

Solid  steel  forging  for  compressor  cylin- 
ders, 131 

Solubility  of  ammonia  in  water  at  different 
temperatures,  531,  532 

—  of  ammonia  in  water   at    different 

temperatures  and  pressures,  553 
Solution  or  chloride  of  calcium,  proper- 
tics  of,  548 

—  of  salt,  properties  of,  548 
Solutions  of  chloride  of  calcium,  various, 

547 

Solway,  regenerative  method  of  produc- 
ing low  temperatures,  512,  513 

Soudan  Campaign,  use  of  ether  mac  nine 
during,  no 


South  Africa,  use  of  ether  machine  in, 

110 
Southampton     Docks,     cold    stores    or 

chambers  at,  258 

—  Cold   Storage   Company,  elevators, 

342 
Southby.     See  Blyth  and  Southby 

South  Wales,  New,  imports  of  butter 
from.  4 

imports  of  frozen  beef  from,  3 

Spattering  of  cooling  water  in  atmos- 
pheric   condensers,    to    prevent, 

i43»  144 
Specific    gravities    and    percentage    of 

ammonia,  528 

—  gravity  of  ice,  415 

—  heat,  546 

and  composition  of  victuals,  498 

definition  of,  8 

of  ice,  415 

of  water,  8 

Spiral  agitator  for  can  ice  making  box, 

418 
Spring  safety  compressor  heads,  65-70 
Stallman*s  ammonia  compressor,  96,  97 
Standard  Butter  Company,  railway  van 

cooled  by  lic^uid  air,  337,  338 
Standard  wrought  iron  pipes,  dimensions 

of,  545 
Stanley,  H.  I*.,  improvements  in  absorp- 
tion machines,  155,  162-164 

—  refrigerator  car,  designed  by,  333-336 
Starr,    transmission    of    heat    through 

various  insulating  structures,  312 
Starting  ammonia  machine,  467 
Stationary  cell   system  of  ice  making, 

425.429 
St.  Clair  compound  ammonia  compres- 
sor, 106 

—  system    of  circulating    air   in  cold 

chambers,  287,  288 
Steinle  thermometer,  used  on  chocolate 

cooler,  380 
Sterne,  L.  &  Co.,  Ltd.,  ammonia  com- 
pressors, 56-65 
Stevenson's  cold-air  machine,  204 
Stewart  &  Co.,  Ltd.,  D.,  carbonic  acid 

compression  machine,  136 
Stewart  Balfour  on  rise  of  temperature 

of  air  under  compression,  7 
Still  for  absorption  machine,  154.  See  also 

Generator 
St.     Katherine     Docks,     refrigerating 

chambers  at,  245-247 
Stocker  water  cooling  tower,   152 
Stockholm,   construction    of  tunnel    by 

refrigeration  at,  404,  401 
Stop  cocks  and  valves,  226-22^ 
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Storage  chambers,  amount  of  refrigerat- 
ing pipes  required  for,  253 

—  of  fruit  cargo,  proper,  376 

—  of  various  articles,  proper  tempera- 

ture for,  345-357 
Stores,  cold,  number  of,  in  United  King- 
dom, 5 

—  cold,  walls  for,  317-320 
Storing  ice,  461-464 
Strainer,  brine,  421,  422 

Straiton,  Mr.  John,  door  for  cold  storage 

rooms,  324 
StrcUhleven^   first  cargo  of  frozen  meat 

brought  over  in,  2 
Strawberries,  cold  storage  of,  350 
Strength  of  Uquor  ammonia,  532 
Stroke,  ratio  between,  and  diameter  in 

ammonia  compressors,  54-56 
Stuffing  boxes  for  ammonia  compressors, 

479 

—  box  glands,  sealing  of,  56,  57 

Sturgeon's  cold-air  machine,  204 
Submerged  condensers,  137-142 
Successive    cycle    system   of   producing 

very  low  temperatures,  509,  510 
Suction  and  discharge  valves,  228-233, 

266 
Sugar  factories  and  refineries,  use  of  re- 
frigeration in,  402 

—  machinery  treatise  on,  444 
Sulphur  dioxide.    See  Sulphurous  acid 
Sulphuric  add  refrigerating  machines,  25, 

28 

—  ether  compression  machine.  37,  38 
Sulphurous  acid,  advantages  of,  as  a  re- 
frigerating agent,  II  ,113 

machine,  43,  44 

objections  to  use  of,  as  a  refrige- 
rating agent,  44,  11 1 

properties  of,  4^,  44,  no,  in 

Sulzer  engine,  compressor  piunps  driven 

by,  73.  "4 

Superheating  of  ammonia  gas  in  com- 
pressor cylinder,  means  for  pre- 
venting, 82,  83 

Supplementary  condensers  or  forecool- 
ers,  146,  147 

Supples  and  Dortch  expansion  valve,  224, 
226 

Surfaces,  brick,  waterproof  coatings  for, 

313-317 

—  of  cooling  pipes,  to  increase,  264 

Sylvester  process  lor  waterproofing  brick, 

3*7 
System,  absorption,  the,  18,  154-188 

—  cold  air,  the,  189-220,  371-374 

—  compression,  the,  18,  33-136 

—  liquefaction,  the,  18,  19-23 


Systems    of  operating    ammonia   com- 
pression machines,  two,  52 


TABLE  giving  number  of  cubic  feet 
of  gas,  that  must  be  pumped  per 
minute,  to  produce  i  ton  of  re- 
frigeration in  24  hours,  526 

quantity    of    water     discharged 

per  minute  by  barrel  pumps,  542 

size    and    capacities   of   various 

ice-making  plants,  459 

the    extreme    limits    of     cubic 

feet  of  space  per  running  foot  of  2- 
inch  piping,  253,  254 

the  relative  heat-conductivity  of 

various  l)oiler' covering  materials, 
308 

—  of  amount  of  heat-units  transmitted, 

p)er  square  foot  per  hour,  through 
various  substances,  300 

—  of  approximate  cost  of  ice-making, 

507 

—  of  approximate  cost  of  operating  ice 

factories,  506 

—  of  boiling  point,  latent  heat,  etc.,  of 

anhydrous  ammonia,  529,  530 

—  of   calculated    relative    amounts    of 

vapour  condensed  and  deposited  in 
the  various  stages  of  cooling,  209 

—  of  comparison  between  the  scaJes  of 

Centigrade  and  Fahrenheit  ther- 
mometers, 537,  538 

—  of  conductivities    of  asbestos    and 

Kieselguhr  composition,  303 

—  of  correct  relative  humidity    for   a 

given  temperature  in  egg  roomB, 

497 

—  of  correct  relative  humidity  in  egg 

rooms,  349 

—  of  cubic  feet  of  ammonia  gas  per 

minute  to  produce  one  ton  of  re- 
frigeration per  day,  251 

—  of  diameters,   areas,  and    displace- 

ments, 541 

—  of  dimensions  of  atmospheric  con- 

densers, 146 

of  submerged  condensers,  142 

etc.,    of   standard    wrought-iron 

pipes,  545 

—  of  efficiency  of  hydraulic  rams,  543 

—  of  equivalents  of  weight,  metric,  523 

—  of  evaporation  of  liquids,  522 

—  of  fi-actions  of  an  inch  and  decimal 

equivalents,  556 

—  of  freezing  times  for  different  tem- 

peratures, and  thicknesses  of  can 
ice,  457 


586 


INDEX. 


Table  of  friction  of  air  in  tubes,  55 1 
in  pipes.  514 

—  of  heat-condacting  jwwer  of  various 

substances,  slate  being  icoo,  310 

—  of  hydraulic  ram  proportions,  543 

—  of  ice  plant  efficiencies,  458 

—  of  lineal  feet  of  i-inch   piping  re- 

quired per  cubic  foot  of  cold 
storage  space,  254 

—  of  loss  of  pressure  by  friction  of  com- 

pressed air  in  pipes,  551 

—  of  mean  pressure  of  compressor,  525 

—  of  mean  temperatures  of  principal 

cities  of  the  world,  557-359 

—  of  metric  system,  535 

—  of  non-heat -conducting   properties 

of  various  substances,  309 

—  of  number  of  cubic  feet  covered  by 

one  foot  of  I -inch  iron  pipe,  255 

—  of  number  of  cubic  feet  covered  by 

I -ton  refrigerating  capacity  for 
twenty-four  hours,  255 

—  of  physical    constants    of  liquefied 

gases,  518 

—  of  power  required   to  drive  centri- 

fugal pumps,  543 

—  of  power  required  to  raise  water  from 

deep  wells,  542 

—  of  pressure  of  water,  540 

—  of  principal  freezing  mixtures,  22,  23 

—  of  properties  of  saturated  ammonia 

gas  (De  Volson  Wood),  536 

—  of  properties  of  saturated  ammonia 

gas  (Yaryan),  524 

—  of  solution  of  chloride  of  calcium, 

548 

—  of  rate  of  passage  of  heat  through 

various  materials,  307 

—  of  refrigerating  capacities,  256 
capacity  required  per  cubic  foot  of 

storage  room,  255 

—  of  relative  humidity  per  <ent.,  494 

—  of   results  of  different   experiments 

on  the  heat  conductivities  of 
various  substances,  305 

of  experiments  regarding  non- 
heat  conducting  properties  of 
various  substances,  309,  310 

of  test  experiments  made  with 

cold-air  machines,  219,  220 

of  tests    to  determine   the    non- 

conductive  values  of  different  ma- 
terials, 306,  307 

of  tests  to  detcnnine  the  non- 
conductive  values  of  various  ma- 
terials, 307 

of  tests  on  the  heat  conductivity 

of  different  substances,  308 


Table  of  results  of  tests  by  Professor 
Jamieson  as  to  relative  and  ab- 
solute thermal  conductiWties  of 
substances,  302 

—  of  solubility  of  ammonia  in  water  at 

different  temperatures,  531,  532 

—  of  solubility  of  ammonia  in  water  at 

different   temperatures  and   pres- 
sures, 553 

—  of  solutions  of  chloride  of  calcium, 

547 

—  of  specific  gravities  and  percentage 

of  ammonia,  528 

—  of  specific  heat  and  composition  of 

victuals,  498 

—  of  strength  of  liquor  ammonia,  532 

—  of  temperatures  adapted  for  the  cold 

storage   of  various    articles,  353- 

357 

—  of  temperatures  to  which  ammonia 

gas  is  raised  by  compression,  533- 

535 

—  of   tests    of    waterproofing    bricks, 

3»4.  3»5.  316 

—  of  time  required  for  water  to  freeze  in 

ice  cans,  458 

—  of  weights  of  aqueous  vapour  held  in 

suspension  in  pure  dry  air,  495 

—  of   yeaily    imports    of   frozen   and 

chilled  beef,  3 

—  of  yearly  imports  of  frozen  mutton 

and  lamb,  3 

—  of  yield,  etc.,  of  anhydrous  ammonia 

from  ammonia  solutions,  533 

—  showing  pressure  and  boiling  point 

of  some  of  the  liquids  available  for 
use  in  refrigerating  machines,  527 

—  showing     properties     of    saturated 

steam,  554,  555 

—  showing  properties   of  solutions  of 

salt,  548 

—  showing   the  number   of  miles   per 

hour  of  air  currents  at  velocities 
per  minute,  557 

—  showing  transmission  of  heat  through 

various  insulating  structures,  312 

—  to  convert  kilos,  per  sq.  nmi.  into 

tons  per  sq.  in.,  528 

—  to  convert  millimetr  s  into  inches,  523 
Tables  or  slabs,  cold,  for  manufacture  of 

chocolate,  etc.,  174 

Tancredus,  Latinus,  freezing  water  by 
mixture  of  snow  and  saltpetre,  19 

Tangye  pattern  frame  ammonia  com- 
pressor, 99 

Tank  insulation,  .<i 28-33 

Tapestries,  preservation  of,  by  means  of 
refrigeration,  403 
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Tayler.    See  Wallis-Tayler 

Taylor's  patent  fittings  for  doors  of  cold 
stores,  324 

Tea  regulating,  fermenting  of,  by  refriger- 
ation, 401,  402 

Tellier  and  Pictet  machines,  cost  of 
making  ice  with,  503 

Tellier,  Charles,  methylic  ether  compres- 
sion machine,  39-41,  243 

Tell-tales.     See  Temperature  tell-tales 

Temperature  absolute,  9 

—  and  heat  distinct  meanings  of,  8 

—  best,  to  maintain  a  fruit  cargo,  376 

—  exchanger  and  economiser,  161 

—  of  condensed  gas  most  economical, 

149 

—  of  oxydising  or  fermentation  of  tea 

by  refrigeration,  401,  402 

—  tell-tale.;  and    long   distance  ther- 

mometers. 495,  496 
Temperatures  for  the    cold    storage   of 
various  articles,  proper,  345,  357 

—  to  which  ammonia  gas  is  raised  by 

compression,  533-535 
Tender  fruits,  cold  storage  of,  349,  350 
Testing  of  refrigerating  machinery,  484- 

491 

—  work  of  carbonic  acid  machine,  481 
Tests  of  waterproofing  brick,  314-317 
Thames,  refrigerated  barges  on.  377 
Theoretical   efficiency  of  a  refrigerating 

machine,  greatest,  15 

Theory  and  practice  of  mechanical  re- 
frigeration, 6-18 

Thermo-dynamics,  first  laws  of,  6,  9 

Thermographs,  377,  496 

Thermometrical  scale,  Fahr.,  zero  on,  9 

Thomas,  F.  S.,  arrangement  for  increas- 
ing the  surface  of  cooling  pipes, 
264 

Thompson,  M.  R.,  on  filling  ice  houses, 
461,  462 

Time  required  for  water  to  freeze  in  ice 
cans,  458 

Tomkins,  E.  H.,  improvements  in  absorp- 
tion machines,  165,  166 

Tools,  loose,  required  in  ice  factory,  456 

ToseIIi*s  ice-making  machine,  20 

Tower,  air  cooling,  267-269 

—  water  cooling,  151 -153 
Track  system  for  ice  factories,  454 
Trade  in  Australian  apples,  4 

—  in  fresh  provisions,  1-5 

—  in  frozen  cream,  4 

—  in  frozen  meat,  2 

—  in  grapes,  4 

—  in  peaches,  4 

—  in  pears,  4 


Trans -Mississippi  Exposition,  refrigerat- 
ing machine  at,  100 
Trays,  drip.     See  Drip  trays 
Triple  -  effect  distilling  apparatus,  437, 

438 
Tripler's  apparatus  for  the  produciion  ol 

very  low  temperatures,  514,  515 

Triumph  Ice  Machine  Co.-  approximate 

cost  of  ice  making,  507 

—  atmospheric  condenser,  144 

—  automatic  ice  dump,  452-454 

—  complete  brewery  refrigerating  plant, 

393 

—  dimensions      of     submerged     con- 

densers, 140 

—  discharge  and  suction  valves,  230-233 

—  double-acting  amm  nia  compressor, 

80-82 

—  expansion  valves,  222,  223 

—  oil  separator  or  collector,  436,  437, 

475 

—  plan  of  ice  factory,  447 

—  plan  for  insulation,  330 

—  propeUer  for  brine  agitation,  421 

—  small  cold  storage  room,  277 

—  stop  valve,  228 

—  water  cooling  tower,  153 
Tropical  climates,  cooling    of  hospitals, 

etc.,  in,  403 

Trotter,  Mr.  A.  P.,  long  distance  ther- 
mometer, 496-498 

Trough,  open,  system  of  cooling,  271,  272 

Truman,  Hanbury  &  Co.  brewery,  first 
use  of  ether  machine  at,  370 

Trunk  for  admitting  cold  air  in  marine 
installations,  371,  372 

Tunnelling,  application  of  refrigeration 
to,  404 

Tuttle  and  Lugo,  cold-air  machine,  202 

Tuxen  and  Hammerich  Engineering 
Works,  Limited,  ammonia  com- 
pressor, 91,  92 

—  carbonic  acid  compressor,  135 
Twining    and    Harrison,   wall  or    plate 

system  of  ice  making,  422,  423 

—  Professor,     improved     compression 

machine,  36,  37 
Tyler  an  J  Ellis  Manufacturing  Co.,  Ltd., 

ammonia  absorption  machine,  179, 

180 
Tyndall,  Prof.,  definition  of  heat  by,  7 


UNIONS,  flange,  237,  238 
—  pipe  joints  and,  233-242 
United  Kingdom,  cold  stores  in,  5 
imports  of  frozen  provisions  into 

1-5 
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United  States,  coDstniction  of  first   re- 
frigerator car  in,  330 
Illinois     Central    Railway,     re- 
frigerator car  on,  333-336 

imports  of  chilled  meat  from,  3 

method  of  freezing  fish  in,  345, 

346 
pattern  of  Linde  ammonia  com- 
pressor, made  in,  73 

selling  and  delivering  of  ice  in, 

462-464 

standards,  comparison  of  British 

measures  Math,  545 

water  cooling  towers  in,  152 

Uni(  of  measure  of  heat,  8 

Unnecessary  clearance  spaces  in  ammonia 

compressor,  53-56 
Unwin,  friction  of  air  in  tubes,  551 
Upholstered  furniture,  preservation  of  by 

refrigeration,  403 
Useful  data,  528 
Useful  information,  545,  546 
Utilisaiion  of  dissolution  of  a  solid   to 
abstract  heat,  18,  19-23 


VACUUM  flasks  for  liquid  air,  5 1 1 
—  machine,  cost  of  makin^p  ice  by, 

584 

—  machine,  improved  pump  for,  28 

—  process,  the,  18,  24-32 

—  system  of  ice  making,  444,  445 

—  sjrstem  of  refrigeration,  the,  18.    See 

also  Vacuum  Process 
Vallance,    improvements      in      vacuum 

machines,  25 
Valves,  safety,  52,  125,  130,  133,  134 

—  compressor,    unnecessary    clearance 

spaces,  56 

—  discharge,  228-233 

—  expansion,  41,  53,  221-226 
—  inlet,  228-233 

—  suction.  223-233,  366 

Value  of  different  substances,  non-con- 
ductive, 306,  307 
Van  der  Weyde    refrigerating  machine, 

43 

—  system  of  packing  ice,  550 

Vans,  railway,  refrigerated,  330-338 
Vapour,  method  of  cooling  in  compres- 
sicn  cylinder,  73 

—  See  also  Gas 

Various  articles,  proper  temperatures  for 
cold  storage  of,  345-357 

—  hydrometer    scales,  comparison    of, 

538,  539 

—  insulating  structures,  table  showing 

transmission  of  heat  through,  31 


Various  inventions  for  refrigerating  and 
ice-making,  18 

—  manufacturing  and  industrial  appli- 

cations of  refrigeration,  402-404 

—  methods  of  ice  making,  416-445 

—  substances,  results  of  experiments  on 

the  heat  conductivity  of,  308 
results  of  tests  on  the  heat  con- 
ductivity of,  308 

—  substances    used    for    purposes    of 

insulation,  289 
Vault  in  brewery,  cooling  of,  387 
Vegetables,  cold  storage  of,  352 
Vendin-Sens  use  of  refrigeration  for  sink- 
ing shafts  at,  405 
Ventilation  of   cold  storage    chambers, 

281-297 
Ventilating  shafts  for  cold  stores,  281 
Vernon,  Mr.  C.  E.,  electric  temperature 

tell-tales,  495,  496 
Vertical  duplex  marine  type  of  carbonic 
acid  machine,  361,  362 

—  marine  types  of  cold -air  machines, 

371 

—  marine   type  of  single   acting  am- 

monia compre>sion  machine,  363 

—  pipe,  mercury  well  for,  486 
Vessels  carrying  live  cattle,  cooling  holds 

of,  403 

—  fitted  with  refrigerating    machinery, 

number  of,  5 

Vicq-Auzin,  use  of  refrigeration  for  sink- 
ing shafts  at,  403 

Victoria  Dock,  lifts  at,  343 

—  imports  of  butter  from,  4 

—  imports  of  frozen  beef  from,  3 
Victuals,  sp>ecific  heat  and  composition  of, 

498 

Villafranca,  Blasius,  use  of  saltpetre  by, 
for  the  reduction  of  temperature,  1 9 

Vilter  Manufacturing  Co.,  ammonia 
compressor,  73-75 

Vogt  Macnine  Company.  Henry,  im- 
proved ammonia  absorption  ma- 
chine, 176,  177 

Voorhees,  Mr.  Gardiner  F.,  oil  separator 
or  collector,  472,  473 

V-shaped  or  corrugated  bottom  to  cool- 
ing tank,  2&4 

Vulcan  Iron  Works,  amount  of  water 
required  in  refrigerating  appa- 
ratus, 550 

—  enclosed  type  ammonia  compressor, 

103-105 

—  horizontal  double  acting    ammonia 

compression  machine,  101-103 

—  ice  factory,  447 

—  track  s^'stem,  454 
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WAGELIN    and    Hubner  carbonic 
acid  compression  machine,  136 
Wagons,  refrigerated.     See  Vans 
Walker,  laboratory  ice-making  machine, 

20 
Wallace,  Dr.  Wm.,  results  of  tests  by,  to 

determine  non-conductive   values 

of  various  materials,  307 
Wallis-Tayler  and  Whitehead,  revolving 

door  for  cold  stores,  278-281 

—  tests    conducted    ])y,    on    cold-air 

machines,  219,  220 
Wall  or  plate  system  of  making  clear  ice, 

416,  422-425 
Walls  for  cold  stores,  317-320 

—  of   cold    stori  s,    radiation    of  heat 

through,  259,  260 

Wall  system,  plan  for  chilling  and 
freezing  by  circulation  of  cold 
brine  on,  264,  265 

Washed  intestines  of  freshly  killed  pigs, 
experiments  with  ammonia  on, 
249 

Washing,  cooling,  and  drying  air,  appa- 
ratus tor,  269,  270 

Wastage  of  ice,  462 

Water,  amount  of,  required  in  refriger- 
ating apparatus,  550 

—  common     arrangement    for     distri- 

bution in  atmospheric  condensers, 

'43 

—  consumption      in      carbonic       acid 

machmes,  126 

—  consumption     in      sulphuric      acid 

machine,  27 

—  consumption      in    sulphuric     ether 

machme,  38 

—  cooling  towers,  151-153 

—  de-aerating  or   distilling  apparatus, 

435-444  .     .  ,       .       f  . 

—  power  required  to  raise    from   deep 

wells,  542 

—  presence  of,  in  ammonia  system,  468 

—  pressure  of,  540 

—  quantity  of,    discharged  per  minute 

by  barrel  pump,  542 

—  saving  and  cooling  apparatus,  149- 

—  specific  heat  of,  8 

Waterproof  coatings  for  brick  surfaces, 

313-317 
Waygood  &  Co.,  external  carcass  hoist, 

343 

—  lifts,  passenger  or  goods,  343 

Webb's  arrangement  of  suction  valves  for 
ammonia  compressors,  366 

Weddel  &  Co..  on  imports  of  mutton, 
lamb,  and  Ix'cf,  3 


Wedge,  adjustable  shoes  on  crossheads  of 
compressor,  75 

—  doors  for  cold  stores,  324 

Well,  mercury,  for  horizontal  pipe,  486 
vertical  pipe,  486 

—  sinking,  application  of  refrigeration 

to,  404 

Westerlin  and  Cambell  double-pipe  con- 
denser, 147,  148 

West,  H.  J.  &  Co.,  Ltd.,  carbonic  acid 
compression  machines,  1 26- 1 3 1 

—  ether  compression  machine,  io8-iio 

—  See  also  Delia,  Beffa  and  West 
West  India  Docks,  lifts  at,  343 

—  Indian  fruit,  first  cargo  of,  4 

—  Smithfield,  lifts  at,  343,  344 

Wet  system  of  operating  ammonia  com- 
pression machines,  52,  53 

Wetzel  pan,  water  cooling  tower  on 
principle  of,  153 

Weyde,  Van  der,  refrigerating  machine,  43 

—  system  of  packing  ice,  550 

White  bleaching  of  clothes  by  refriger- 
ation, 403 

Whitehead.  See  Wallis-Tayler  and 
Whitehead 

Wilson.  Thos.,  Sons  &  Co.,  steamers 
fitted  with  refrigerating  machinery, 
for  the  butter  trade,  4 

Windhausen  apparatus  for  production  of 
very  low  temperatures,  513 

—  carbonic  acid  machine,  44,  45 

—  cold-air  machine,  194-199 

—  Franz,  compound  vacuum  pump,  26 

—  machine,  cost  of   making  ice  with, 

503.  504 

—  machine,   insallation    of,   at    Bays- 

water,  26 

Window  insulation,  328 

Windows  of  cold  stores,  radiation  of  heat 
through,  259 

Wine  growers  and  merchants,  use  of  re- 
frigerating machinery  by,  401 

Wolf  Co.,  Fred.  W.,  atmospheric  con- 
densers, 144,  145 

—  recent  design  of  Linde  compressor 

made  by,  73 
Wood,  De  Volson,  properties  of  saturated 
ammonia  gas,  536 

—  See  also  Pontifexand  Wood 
Work,  carbonic  acid  machine,  to  charge 

and,  480-484 

—  demanded  of  a  machine  for  effect- 

ing mechanical  refrigeration,   12, 

i3»  15 
Worthington  Pumping  Engine  Co.,  table 

of  diameters,  areas  and  displace- 
ments, 541 
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Worthington  water-cooHng  tower,  152 
Wroblewski,  experiments   by,  in  lique- 
faction of  gases,  5 1 1 
Wrought  iron  pipes,  standard  dimensions 

of»  545 


Y ARYAN    catchalls,    modified    ar- 
rangement of,  473-475 

—  comparison    of  various   hydrometer 

scales,  538,  539 

—  distilling  apparatus,  439-444 

—  properties  of  saturated  ammonia  gas, 

524 

—  properties   of  saturated  steam,  554, 

555 


Yeast  rooms,  brewery,  cooling  air  in,  384, 
386 

Yield  of  anhydrous  ammonia  from  am- 
monia solutions,  533 

York  Manufacturing  Co.  compound  am- 
monia compressor,  89 

—  improved  St.  Clair  ammonia  com- 

pressor, 106 

—  single-acting  ammonia  compressor, 

89,90 

ZERO  on  Centigrade  therraometrical 
scale,  9,  10 

—  on  Fahrenheit  therraometrical  scale,  9 

—  real,  9 

Zschocke  M'ater- cooling  tower,  152,  155 
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ELECTRIC    HOISTING, 

CONVEYING,    AND    LABOUR' 
SAVING    MACHINERY. 


For  Cold   Stores,    Lifts,    Elevators,   Conveyors,   Cranes,   &c. 

To  lift  and  cotrvty  Bref,  Mutton,  Eggs,  Bmter.  Fi  uil,  &-c.,  at  a  tugligible  fast. 


UPPER  FLOORS  OF  BUILDIN6S  MADE  AS  VALUABLE  AS  LOWER  FLOORS. 

»aO  Quarlera  ol  Beef  pl«c«cl  on  a  lop  floor  (jo  ft.)  with  the  B»me 
labour  as  is  required  for  a  ground  floor  at  8id-  p«r  100  gnartMi. 
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THE    "ENOCK" 
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ItXDETKATION  OF   S'TON  COMPRESSOR   COUPLED  TO  STBAM   ENCINB. 


Wc  UDderlake  In  desi);n  .ind  construct  CoollnS  «nd  Frssxlng  Plant 

lor  all  purposas  10  which  KcfncL'tation  is  apiilicabU;  also  to  supply  and 
erect  all  auxiliaries-,  such  as  Steam  Boilers,  Water  Cooling  Towers,  Piping,  Insula- 
tion, Sic,  &c. 

Work  carriid  oil  eompUli  in  ivny  dilaU  i*  any  pail  of  thi  World. 
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WE  BUlLDd^ 

Complete  Refrigerating   Plants 

OF  ANY  SIZE  FOR  THE  STORAGE  OF  MEAT, 
BUTTER,  FRUIT,  ETC.,  ETC.,  IN  DBY  COLD-AIB 
CHAMBEBS,  ON  DIRECT  EXPANSION,  BRINE 
CIRCUI^TION    OR     AIR     CIRCULATION    SYSTEMS. 

Complete   Ice = flaking   Plants 

ON  PLATE,  CAN,  OR  BLOCK  SYSTEM. 
WRITE    FOR    ILLUSTRATED  CATALOGUE. 


Compressed   Air  or  Power  Hoists. 
"Enoek"  Patent  Air  Compressors. 

OVERHEAD    RAIL   SYSTEMS. 


ARTHUR  G.  ENOQK  &  CO., 

BEFEIGEBATIJVG   and 
COLD   STORAGE  EJ^GIJ^EEBS, 

407  to  409,  Bit kbeck  Bank  Chambers, 

HOLBORN,  LONDON,  W.C. 

And  HamsMon's  Buildings,  DURBAN,  SOUTH  AFRICA. 

TsUgrawu-^  Codes  in  use— 

"  ICERIMUS,  LONDON."  A  x  and  A  B  C. 

<* ICICLE,  DURBAN." 

Q   Q 


vii  ADVERTISEMENTS, 


A  NEW 


REVOLVING 

AIR-LOCK  DOOR 


ESPECIALLY    DESIONED    FOR 

Cold  Storage  Rooms  In  Hotels,  &o. 

CANNOT  BE    LEFT   OPEN. 


For  Particulars  Apply  to 

A.  J.  WALLIS-TAYLER,  c.e.,  a.m.i.c.e., 

99,  Belsize  Road,   London,  N.W., 

OR  AT 

THE  OFFICES  OF  "THE  REFRIGERATING  ENGINEER." 

1 20,  Fleet  Street,  London,  E.G. 


Works  by  A.  J.  WALLIS-TAYLER,  A.M.I.C.E.,  interesting 

to  Users  of  Refris:erating  Machinery: 

Refrigerating    and    Ice-Making     Machinery.      Crown    8vo, 

327  pages,  100  illustrations.      Third  Edition,  enlarged.      Cloth, 

bevelled  edges,  price  7s.  6d.,  post  free. 

''One  of  the  best  compilations  on  the  subject.  The  description  of  the  different 
refrigerating  machines,  and  the  principles  on  which  they  act,  are  described  with  an 
intelligent  appreciation  of  the  means  and  the  end.  His  book  may  be  recommended 
as  a  useful  description  of  the  machinery,  the  processes,  and  of  the  facts,  figaies.  and 
tabulated  physics  of  its  subject."—  The  Engineer, 

Bearings  and  Lubrications.    Crown  8vo,  220  pages^  78  illus- 
trations.   Cloth,  price  3s.  6d.  post  free. 

**  Mr.  Wallis-Tayler's  book  is  one  which  may  be  studied  with  advantage  and 
profit  by  both  the  machinery  owner  and  the  attendant.  .  .  .  The  bints  the  book 
contains  may  be  the  means  of  saving  a  good  deal  of  time  and  trouble  with  machinery." 

— Hie  Machinery  Market, 

The  Pocket-Book  of  Refrigeration  and  Ice-Making.    Small 
crown  8vo,  cloth.     Published  Annually,  price  2s.  6d.  net 

*<  Forms  a  worthy  addition  to  the  minor  additions  to  the  literature  of  the  ice- 
making  and  refrigerating  industries." — Ice  and  Refrigeration, 


CROSBY  LOCKWOOD   &  SON,  7,  Stationers*  Hall  Court,  London,  E.C. 


Stationers'  Hau.  Cou»r,  Iahdon.  E.Ci 

CROSBY  LOCKWOOD  &  SON'S 

CATALOGUE  OF 

SCIENTIFIC    TECHNICAL 
INDUSTRIAL  BOOKS 


D.  VAN   NOSTRAND  COMPANY 

Sole  AgenW  for  tKe  United  St&tea 


DECORATIVE  ARTS 38 

NATURAL  SCIENCE 40 

CHEMICAL  MANUFACTURES.  41 

INDUSTRIAL  ARTS 43 

COMMERCE,  TABLES,  «c 49 

AGRICULTURE    ft    GARDEN. 

INO.  50 

MATHEMATICS     ft     ARITH' 


MECHAHICAL  ENGINEERmG,  ETC. 


THE   MECHANICAL   HANDLINO   OF   MATERIAL. 

A  Tn-atin  on  the  Handling  of  klalerial.  auch  aa  Coal.  Ore.  Timber,  etc., 

Atre^o^  \iseil  in  tbe  ManipulaLion  ot  nucfi  rSat.  ami  DeiUin(TiJ^ 
with  Ibe  Handliua.  Ciionng.  and  Warcbuiuiag  of  Grain.  By  G.  F. 
ZluuER.  A.M.Infl.C.t.  a^S  iiasex.  Koyal  Svu.  clolb.  wilh  GM  llliu- 
tratiuQB  (iucluduig  Folding  PUteo)  spocially  prei>uwl  for  the  Work 

A'e'tlO.OO 
CoHTEvrai— Chapter  1.  I.vtrodcctory,— II.  Elevator*.— 111.  Wohh 

CONVEYOBS.  — IV.    FUBH-PUTE      OB      ScKAPKH      VOUVKIOKH.—V.    TflOnQH 

Cawj:    CoKVEYOiw,— VI.  Band    Convevohb.— VII.  Metal    Band    Con- 

YEYOM.— VIII,    PlCKl-NG    BELTS   OR  TaBU-  WITH   OB  WlTKOtlT  LoWEBlNQ 

Lnbs  Oil  Shoots.     IX.  The  Contipjuoub  Trouoh  or  Thaveujso  Tbouqh 

COSVETOH.— X.    VlBHATING  ThODQH  L-ONVCYOIUI.— XI .    TiCHTENINO  GeAB 

FOK  Klevatobb  and  CoNTBroRS,  AND  IJbiving  Power  REQL'IBED  rofl  DlF- 

FKHENT  TVPKS  OF  CONVETORS.  — Xll.    ThE  TbaVELUNO  OH  TlLTlNO  BtdUTT 

CosvETOBB.— .\1II.  Pneumatic  Elevators  AND  CoKVETORS.— XIV.  Cok- 


JKIPS  AND  (iBABB.— iVIII.    DisCHABClItiU  VtMELS  AND  BaHOES 

IF  Elevators.— XIX.  I'nloadino  bt  ueanbofKpecialltCoh- 
(  UEANS  OF  Coal  Tips.— XXll.  Coluert  Tipplehb.— XXIll' 


XXVI.  CoALiso  op  Railw 
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FOR  Gas-works,  Power  Stations,  Boiler-houses,  etc. — XXVIII.  Fxx>or 
AND  Silo  Warehouses  for  Grains  and  Seeds. — XXIX.  Coal  Stores  and 
Coal  Silos. — XXX.  Hiqh-lbtel  Cranes. — Index. 

HOISTINQ   MACHINERY. 

An  Elementary  Treatise  on.  Including  the  Elements  of  Crane  Con- 
Btruction  and  Descriptions  of  the  Various  Types  of  Cranes  in  Use.  By 
JosiJPH  Horner,  A.M.I.M.E.,  Author  of  *'Fattem-Making"  and  other 
Works.  Crown  8vo,  with  215  Illustrations,  including  Folding  Plates* 
doth S3.00 

AERIAL  OR  WIRE-ROPE  TRAMWAYS. 

Their  Construction  and  Management.  By  A.  J.  Walus-Tatu:b« 
A.M.Inst.C.E.     With  81  Illustrations.     12mo,  cloth $3.00 

*'An  excellent  volume,  and  a  very  good  exposition  of  the  various  systems 
of  rope  transmission  in  use  and  gives  as  well  not  a  little  valuable  informa- 
.tion  about  their  working,  repair,  and  management.     We  can  safely  recom> 
mend  it  as  a  useful  general  treatise  on  the  subject." — Engineer, 

MODERN   MILLING   MACHINES. 

Their  Design,  Construction,  and  Working.  A  Handbook  for  Practical 
Men  and  Engineering  Students.  By  Joseph  Horner,  A.M.I.Mech.£., 
Author  of  "Pattern-Making,"  etc.  With  260  Illustrations.  Demy 
Svo,  cloth.     [Jiut  Ready.] 94.00 

TOOLS   FOR   ENGINEERS  AND  WOODWORKERS. 

A  Practical  Treatise  including  Modem  Instruments  of  Measurement. 
By  Joseph  Horner,  A.M.Inst.M.E.,  Author  of  "Pattern-Making,"  etc. 
Demy,  Svo,  with  456  Illustrations S3.50 

Summary  ofContents: — Introduction. — GeneralSurvet  of  Tools. — 
Tool  Angles. — ^Sec.  I.  Chisel  Group. — Chisels  and  Applied  Forms  fob 
Woodworkers. — Planes. — Hand  Chisels  and  Applied  Forms  for  Metax. 
Working.^-Chisel-like  Tools  for  Metal  Turning,  Planing,  etc. — 
Shearing  Action  and  Shearing  Tooi^. — Sec.  II.  Examples  of  Scraping 
Tools. — Sec.  III.  Tools. — Relating  to  Chisels  and  Scrapers.— Saws. — 
Files. — Milling  Cutters. — Boring  Tools  for  Wood  and  Metal. — Taps 
AND  Dies. — Sec.  IV.  Percussive  and  Moulding  Tools. — Punches,  Ham- 
mers AND  Caulking  Tools. — Moulding  and  Modelling  Tools. — Miscel- 
laneous Tools. — Sec.  V.  Hardening,  Tempering,  Grinding,  and  Sharp- 
ening.—Sec.  VI.  Tools  for  Measurement  and  Test.— Standards  of 
Measurement. — Squares,  Surface  Plates,  Levels,  Bevels,  Protrac- 
tors, Ac. — Surface  Gauges  or  Scribing  Blocks. — Compasses  and  Divi- 
ders.— Calipers,  Vernier  Caupers,  and  Related  Forms. — Micrometer 
Calipers. — Depth  Gauges  and  Rod  Gauges. — Snap,  Cylindrical  and 
Limit  Gauges. — Screw  Thpead,  Wire  and  Reference  Gauges. — Indi- 
cators, etc. 

ENGINEERS'   TURNING    IN   PRINCIPLE  &  PRACTICE. 

A  Handbook  for  Working  Engineers,  Technical  Students,  and  Amateurs. 
By  Joseph  Horner,  A.M.I.Mech.E.,  Author  of  "Pattern-Making,"  etc. 
Svo,  cloth,  with  488  Illustrations S3«50 

Summary  of  Contents.- — Introduction. — Relations  of  Turnery  and 
Machine  Shop. — Sec.  I.  The  Lathe,  Its  Work,  and  Tools. — Forms  and 
Functions  of  Tools.  Remarks  on  Turning  in  General. — Sec.  II.  Turn- 
ing Between  Centres. — Centring  and  Driving. — Use  op  Steadies. — 
Examples  of  Turning  Involving  Lining-out  for  Centres. — Mandrel 
Work. — Sec.  III.  Work  Supported  at  One  End. — Face  Plate  Turning. 
Angle  Plate  Turning. — Independent  Jaw  Chucks. — Concentric,  Uni- 
versal, Toggle,  and  Applied  Chucks. — Sec.  IV.  Internal  Work. — 
Drilling,  Boring,  and  Allied  Operations. — Sec.  V.  Screw  Cuttings 
and  Turret  Work. — Sec.  VI.  Miscellaneous. — Special  Work. — Meas- 
urement, Grinding.— Tool  Holders. — Speed  and  Feeds,  Tool  Steel.— 
Steel  Makers'  Instructions. 
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THE  MECHANICAL  ENGINEERS'  REFERENCE  BOOK. 

For  Machine  and  Boiler  Construction.  In  Two  Parts.  Part  I.  Gen- 
eral Engineekinq  Data.  Part  II.  Boiler  Construction.  With 
51  Plates  and  numerous  Illustrations.  By  Nelson  Foley,  M.I.N.A. 
Tnird  Edition,  lieWsed  throughout,  and  much  Enlarged.  Folio,  half- 
bound In  Preaa 

Part  I:  Measures.— Circumferences  and  Areas,  Ac. — Squares, 
Cubes,  Fourth  Powers. — Squajie  and  Cube  Roots. — Surface  of  Tubes. 
— Reciprocals. — Logarithms. — Mensuration. — Specific  Gravities  and 
Weights. — Work  and  Power. — Heat. — Combustion. — Expansion  and 
Contraction. — Expansion  of  Gases. — Steam. — Static  Forces. — Gravi- 
tation AND  Attraction. — Motion  and  Computation  of  Resultino 
Forces. — Accumulated  Work. — Centre  and  Radius  of  Gyration. — 
Moment  of  Inertia. — Centre  of  Oscillation. — Electricity. — Strength 
of  Materials. — Elasticity. — Test  Sheets  of  Metals. — Friction.— 
Transmission  of  Power. — Flow  of  Liquids. — Flow  of  Gases. — Air 
Pumps,  Si-rface  Condensers,  &c. — Speed  of  Steamships. — Propellers. — 
Cutting  Tools. — Flanges.— -Copper  Sheets  and  Tubes. — Screws,  Nuts, 
Bolt  Heads,  Ac. — Various  Recipes  and  Miscellaneous  Matter. — With 
DIAGRAMS  for  Valve-gear,  Belting  and  Ropes,  Discharge  and  Suc- 
tion Pipes,  Screw  Propellers,  and  Copper  Pipes. 

Part  II:  Treating  of  Power  of  Boilers. — Useful  Ratios — Notes 
ON  Construction. — Cylindrical  Boiler  Shells. — Circular  P^rnaces. 
Flat  Plates. — Stays. — Girders. — Screws. — Hydraulic  Tests. — Rivbt- 
INO.' — Boiler  Setting,  Chimneys,  and  Mounti.ngs. — Fuels,  <tc. — Exam- 
ples OF  Boilers  and  Speeds  of  Steamships. — Nominal  and  Normai. 
Horse  Power. — With  DIAGRAMS  for  all  Boiler  Calculations  and 
Drawings  of  many  Varieties  of  Boilers. 

THE   WORKS'  MANAGER'S   HANDBOOK. 

Comprising  Modem  Rules,  Tables,  and  Data.  For  Engineers,  Mill> 
Wrights,  and  Boiler  Makers;  Tool  Makers,  Machinists,  and  Metal 
Workers;  Iron  and  Brass  Founders,  etc.  By  W.  S.  Hutton,  Civil 
and  Mechanical  Engineer,  Author  of  "The  Practical  Engineer's  Hand- 
book."    Sixth  Edition,  carefully  Revised  and  Enlarged.     8vo,  strongly 

bound S6.00 

t:#  The  Author  having  compiled  Rules  and  Data  for  his  own  use  in  a  great 
variety  of  modem  engineering  work,  and  having  found  his  notes  extremely  use- 
ful, decided  to  publish  them — revised  to  date — believing  that  a  practical  work^. 
suited  to  the  daily  requirements  of  modern  engineers,  would  be  favorably 
received. 

"The  Author  treats  every  subject  from  the  point  of  view  of  one  who  has 
collected  workshop  notes  for  application  in  workshop  practice,  rather  than, 
from  the  theoretical  or  Uterary  aspect.     The  volume  contains  a  great  deal 
of  that  kind  of  information  which  is  gained  only  by  practical  experience 
and  is  seldom  written  in  books." — The  Engineer,  • 

STEAM   BOILER   CONSTRUCTION. 

A  Practical  Handbook  for  Enmneers,  Boiler-makers,  and  Steam  Users. 
Containinga  large  Collection  of  Rules  and  Data  relating  to  Recent  Prac- 
tice in  the  Design,  Construction,  and  Workingof  all  Kinds  of  Stationary, 
Locomotive,  and  Marine  Steam-boilers.  Bv  Walter  S.  Hutton^ 
CS^-il  and  Mechanical  Engineer,  Author  of  *The  Works*  Manager's 
Handbook."  "The  Practical  Engineer's  Handbook,"  Ac.  With  up- 
wards of  500  Illustrations.  Fourth  Edition,  carefully  Revised  and 
Enlarged.     8vo,  over  680  pages,  cloth,  strongly  bound SQ.OO 

feV  This  Work  is  issued  in  continuation  of  the  series  of  handbockw 
written  by  the  Author,  viz:  "The  Works'  Manager's  Handbook"  antt 
"The  Practical  Engineer's  Handbook,"  which  are  so  highly  appreciated 
by  engineers  for  the  practical  nature  of  their  information,  and  is  consequentlv 
vrritten  in  the  same  style  as  those  works. 

Contents;  —  Heat,  Radiation,  and  Conduction,  Non-conducttm** 
Materials,  and  Coverings  for  Steam  Boilers. — Composition,  Calorific 
Power,  and  Evaporative  Power  or  Fuels. — Combustion,  Firing  Str^m 
B0ILEB8,  Products  or  CoHBusxioNt  Ac. — Chimneys  fob  Steam  Boilers. — 
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Stkam  Blait.— >F(mcs  DBAtrCBT.^'FfiM)  Water. — Eitect  of  Heat  on 
Water. — Expansion  of  Water  bt  Heat. — Weight  of  Water  at  Differ- 
ent Temperatures.  —  Convection,  —  CntcTLATioN.  —  Evaporation. — 
Properties  of  Saturated  Steam. — Evaporative  Power  of  Boilers. — 
pRiMiNO,  Ac. — Water-Heating  Surfaces  of  Steam  Boilers. — Trans- 
mission OF  Heat. — Smoke  Tubes. — Evaporative  Powers  and  Effi- 
ciency OF  Boilers. — Water  Capacitt  and  Steam  Capacity  of  Boilers. — 
Fi re-Grates,  Fire-Bridges,  and  Fxre-Bars. — Power  of  Boilers. — 
Cylindrical  Shells  and  Furnace-Tubes  of  Boilers.  Ac. 

Tests  of  Materials. — Strength  and  Weight  of  Boiler-Plates. — 
Effect  of  Temperature  on  Metals. — Rivet  Holes. — Rivets. — Kivet 
Joints  of  Steam  Boilers.— Caulking. — Ends  of  Cylindrical  Shells. — 
Stays  for  Boilers,  Ac.^Steam  Generators. — Description  and  Pro- 
portions OF  Cornish,  Lancashire,  and  Other  Types  of  Stationary 
Boilers.  —  Boiler  Setting.  —  Multttubular  Boilers. —  Locomotive 
Boilers. — Portable  Boilers. — Marine  Boilers. — Vertical  Boilers. — 
Water-tube  Boilers.— Superheaters. — Cost  op  Steam  Production. — 
Furnaces  for  Refuse  Fuels. — Destructors,  Ac. 

Safety-Valves. — Steam  Pipes. — Stop- Valves,  anp  Other  Mountings 
for  Boilers. — Feed  Pumps.— Steam  P*ump8. — Feed- Water  Co  .xrimption. 
— Injectors. — Incrustation  and  Corrosion. — Feed- Water  Heaters. — 
Evaporators.  —  Testing  Boilers.  —  Evaporative  Performances  of 
Steam  Boilers.    Steam-Boiler  Explosions,  Ac. 

PLATINQ   AND   BOILER   MAKING. 

A  Practical  Handbook  for  Workshop  Operations.  Bv  Joseph  G.  Hor- 
NER,  A.M.I. M.E.     380  pp.  with  338  Illustrations.     l2mo  cloth.  ^3.00 

Contents.- — The  Trade. — Tools. — Materials. — Testing  Materials. — 
limmno  dimensio.ns  and  weights  of  materials. — cctting  a.nd 
Straightening  Plates.  Ac. — Bending  Plates. — Bending  Angles.  Ac. — 
Welding. —  Flanging.  —  Punching.  —  Riveting.  —  Types  of  Riveted 
Joints. — Estimation  of  Lengths  of  Material. — The  Marking  Out  of 
Work. — The  Estimation  of  Weights.  Ac. — Machines. 

A  TREATISE  ON   STEAM   BOILERS. 

Their  Strength.  Construction,  and  Economical  Working.  By  R.  Wii/- 
soN,  C.E.     Fifth  Edition.     12mo,  cloth 82.50 

"The  best  treatise  that  has  ever  been  published  on  steam  boilers." — En- 
gineer. 

BOILER  AND  FACTORY  CHIMNEYS. 

Their  Draught -Power  and  Stability.  With  a  chapter  on  LighininQ  Con- 
ductors. By  Robert  Wilson,  A.I.C.E.,  Author  of  "A  Treatise  on 
Steam  Boilen,"  etc.     12mo,  cloth 81.50 

BOILERMAKER'S  ASSISTANT 

In  Drawing.  Templating.  and  Calculating  Boiler  Work,  etc.  By  J. 
Courtney.  Practical  Boilermaker.  Edited  by  D.  K.  Clark,  C.E. 
Seventh  Edition.     12mo,  cloth .80 

BOILERMAKER'S   READY   RECKONER. 

With  Examples  of  Practical  Geometi^*  and  Templating  for  the  Vne  of 
Platers,  Smiths,  and  Riveter^.  Bv  John  Courtney.  Edited  by  D. 
K.  Clark.  M.Inst.C.E.     Crown  8vo.  cloth 81.60 

BOILERMAKER'S   READY  RECKONER   &  ASSISTANT. 

With  Examples  of  Practical  Geometry  and  Templating  for  the  C.-^e  of 
Platers.  Smiths,  and  Rivetcn*.  Bv  John  CorRTN'EY.  Edited  by  D.  K. 
Cl^rk,  M.Tn-t.C.E.  Fifth  Edition,  480  pp.,  with  140  Illustrations. 
Fc  ap.  Svo.  half-bound S3.00 

•♦♦  Thi\  W(*rk  eoniMtg  of  the  ttro  previout-mentioned  tolumet,  **Boiler- 
maker'4  A5vm!«TAVT  *'  and  "Boilermaker's  Ready  Reckoner,"  hovnd 
together  in  One  Volume. 
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STEAM   BOILERS. 

Their  Oonstniction  and  Management.  By  R.  Armstrong,  C.E.  Illus- 
trated.    Crown  8vo,  cloth DQ 

THE   PRACTICAL   ENGINEER'S   HANDBOOK. 

Comprising  a  Treatise  on  Modem  Engines  and  Boilers:  Marine,  Loco- 
motive, and  Stationary.  And  containing  a  large  collection  of  llules  and 
Practical  Data  relating  to  iieoent  i'ractice  in  i>esigniug  and  CoiiAtruct- 
ing  ail  kinds  of  Engme^,  Boilers,  and  otner  Engineering  Work,  rue 
whole  constituting  a  comprehensive  Key  to  tae  Board  of  Trade  and 
otLer  Examinations  for  Certificates  of  Com|)etency  in  Modem  Mechan- 
ical Engineering.  Qy  Walter  S.  Hutton,  Civil  and  Mechanical  En- 
gineer, Autnor  of  "The  Works'  Manager's  Handbook  for  Engineers,'' 
dec.  With  upwards  of  420  Illustrations.  Sixth  Edition,  Revised  and 
Enlarged.     Medium  8vo,  nearly  5bJ  pp.,  strongly  bound S/*00 

XW  This  Work  ia  denipied  om  a  companion  to  the  Author* 9  "Works' 
Manager's  Handbook."  H  poaseaaet  many  new  and  original  features,  and 
contains,  like  its  predecessor,  a  quantity  of  matter  not  originally  intendeid  for 
publication,  but  collected  by  the  A  uthor  for  his  own  use  in  the  construction  of  a 
great  variety  of  Modern  Enoinbbrxng  Work. 

The  information  is  given  in  a  condensed  and  concise  form,  and  is  illus- 
trated by  upwards  cf  420  Engravings;  and  comprises  a  ipiantity  of  tabvdated 
matter  of  great  value  to  all  engaged  in  designing,  constructing,  or  esttm€Uing  for 
Enoinss.  Boilers,  and  other  Enqineering  Work. 

TEXT-BOOK  ON  THE   STEAM   ENGINE. 

With  a  Supplement  on  Gas  Engines  and  Part  II.  on  Heat  Engines 
By  T.  M.  Goodeve,  M.A.,  Barrister-at-Law,  Professor  of  Mechanics  at 
the  Rojral  College  of  Science,  London;  Author  of  "The  Principles  of 
Mechanics,"  "The  Elements  of  Mechanism,"  &c.  Fourteenth  Edition. 
Crown  8vo,  cloth S^.O^ 

"  Professor  Goodeve  ha.s  given  us  a  treatise  on  the  steam  engine  which  will 
bear  comparison  with  anything  written  by  Huxley  or  Maxwell,  and  we  can 
award  it  no  higher  praise." — Engineer. 

A   HANDBOOK  ON   THE   STEAM    ENGINE. 

With  especial  Reference  to  Small  and  Medium -sised  Engines.  For  the 
Use  of  Engine  Makers,  Mechanical  Draughtsmen,  Engineering  Students, 
and  users  of  Steam  Power.  By  Herman  Haeder,  C.E.  Translated 
from  the  German,  with  additions  and  alterations,  by  H.  H.  P.  Powles, 
A.M.I. C.E.,  M.^.M.E.  Third  Edition,  Revised.  With  nearly  1,100 
Illustrations.     12mo,  cloth $3.00 

Summary  or  Contents. — iNTRODrcnoN. — Types  of  Steam  Engines. — 
Details  OF  Steam  Engines. — Governors. — Valve  Gears. — Condensers, 

AlR-PtTMPS,    AND    FeED-PuMPS. — EXAMPLES   OF   ENGINES   OF   CONTINENTAL 

Make,  from  Actual  Practice. — Particulars  of  Engines  by  English 
Makers. — Compound  Engines. — Indicator  and  Indicator  Diagrams. — 
Calcul-vtions  for  Power  and  Steam  Consumption. —  Effect  of  I.vertia 
ON  Reciprocating  Parts  of  Engines. — Friction  Brake  Dynamometer — 
Sundry  Det.uls. — Boilers. — Index. 

"There  can  be  no  question  as  to  its  value.  We  cordially  commend  it 
to  all  concerned  in  the  design  and  construction  of  the  steam  engine." — 
Mechanical  World, 

THE   PORTABLE   ENGINE. 

A  Practical  Manual  on  its  (Construction  and  Management,  for  the  use 
of  Owners  and  Users  of  Steam  Engines  generally.     By  William  Dyson 

Wansbrougr.     12mo,  cloth St.50 

"This  is  a  work  of  value  to  thow  who  uw  pteam  machinery.  .  .  .  Should 

be  read  by  every  one  who  has  a  steam  engine,  on  a  farm  or  elsewhere.'' — 

Mark  Lane  Express, 
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THE   STEAM    ENGINE. 

A  Treatise  on  the  Mathematical  Theory  of,  with  Rules  and  Examples 
for  Practical  Men.     By  T.  Baker,  C.E.     12mo,  cloth 00 

"  Teems  with  scientific  information  with  reference  to  the  steam-engine." — 
Deaign  and  Work, 

THE   STEAM    ENGINE. 

For  the  use  of  Beginners.     By  Dr.  Lard2«xr.     12mo,  cloth. . .       ,00 

LOCOMOTIVE   ENGINE   DRIVING. 

▲  Practical  Manual  for  Engineers  in  Charge  of  Locomotive  Engines. 
By  Michael  Ueymolds,  M.S.E.  Twelfth  Edition.  12mo,  cloth 
boards S2.00 

"We  can  confidently  recommend  the  book,  not  only  to  the  practical  driver, 
but  to  every  one  who  takes  an  interest  in  the  performanoe  of  locomotive 
engines." — The  Ertgitieer. 

THE   LOCOMOTIVE   ENGINE, 

The  Autobiography  of  an  Old  Locomotive  Engine.  By  Robbst 
Weatherburn,  M.I.M.E.  With  Illustrations  and  Portraits  of  George 
and  Robert  Stephenson.     12mo,  cloth SI  .00 

THE  LOCOMOTIVE  ENGINE  AND  ITS  DEVELOPMENT. 

A  Popular  Treatise  on  the  Gradual  Improvements  made  in  Railway 
Engines  between  1803  and  1903.  By  (Cement  £.  Stretton,  CJoL 
Sixth  Edition,  Revised  and  f^larged.     12mo,  cloth S2.00 

''Students  of  railway  history  and  all  who  are  interested  in  the  evolution 
of  the  modem  locomotive  will  find  much  to  attract  and  entertain  in  this 
volimie." — The  Timet, 

THE  MODEL  LOCOMOTIVE  ENGINEER, 

Fireman,  and  Engine-Boy.     Comprising  a  Historical  Notice  of  the 

Pioneer  Locomotive  Engines  anci  their  Inventors.     By  Michael  Retn* 

OLDS.     Second  Edition,  with  Revised  Ap|)endix.    12mo,  cloth.  ^2*00 

"We  should  be  glad  to  see  this  book  in  the  possession  of  every  one  in  the 

kingdom  who  has  ever  laid,  or  is  to  lay,  hands  on  a  locomotive  engine."^- 

Iron, 

LOCOMOTIVE   ENGINES. 

A  Rudimentary  Treatise  on.  By  G.  D.  Dempsbt.  C.E.  With  larva 
Additions  treating  of  the  Modem  Locomotive,  by  D.  K.  Clark, 
M.Inst.C.E.     With  Illustrations.      12mo,  cloth S.120 

**A  model  of  what  an  elemei.tary  technical  book  should  be." — Ae<ulemy, 

CONTINUOUS   RAILWAY   BRAKES. 

A  Practical  Treatise  on  the  several  Systems  in  Use  in  the  Unit«d  King- 
dom; their  ConstructioR  and  Performance.  By  M.  RETNOLna.  8vo, 
cloth ^ •3.50 

ENGINE-DRIVING   LIFE. 

Stirring  Adventures  and  Incidents  in  the  lives  of  Locomotive  Engine- 
Drivers.   By  Michael  Rbtnolds.  Third  Edition.^  12mOr-ck>th.       ,60 

STATIONARY   ENGINE   DRIVING. 

A  Practical  Manual  for  Ennneers  in  Charge  of  Stationary  Digiiies.  By 
Michael  Reynolds,  M.S.E.     Seventh  Edition.     12mo,  cloth  boards. 

S9.00 
THE    CARE    AND     MANAGEMENT    OF     STATIONARY 

ENGINES. 
A  Practical  Handbook  for  Men-in-charge.  By  C.  Hurst.  12mo.       ,50 
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THE   ENQINEMAN'S   POCKET  COMPANION 

and  Practical  Educator  for  Enginemen,  Boiler  Attendants,  and  Me- 
chanicA.  By  Michael  Reynolds.  With  45  Illustrations  and  numer- 
ous Diagrams.  Fifth  BIdition.  Royal  18mo,  strongly  bound  for 
Pocket  wear 91.50 

"A  most  meritorious  work,  giving  in  a  succinct  and  practical  form  all  the 
information  an  engine-minder,  desirous  of  mafitering  the  scientific  principles 
of  his  daily  calling,  would  require/' — The  Miller. 

THE  SAFE   USE  OF  STEAM. 

Containing  Rules  for  Unprofessional  Steam  Users.  By  an  Ekqznber. 
Eighth  Edition.     Sewed .25 

"If  steam-users  would  but  learn  this  little  book  by  heart,  boiler  explo- 
sions would  become  sensations  by  their  rarity." — EnglUh  Mechanic.- 

STEAM   AND   MACHINERY  MANAGEMENT. 

A  Guide  to  the  Arrangement  and  Economical  Management  of  Machin- 
ery, with  Hints  on  Construction  and  Selection.  By  M.  Powis  Bale, 
M.Inst.M.E.     12mo,  cloth Sl.OO 

QAS   AND   OIL   ENGINE   MANAGEMENT. 

A  Practical  Guide  for  Users  and  Attendants,  being  Notes  on  Selection, 
Construction,  and  Management.  By  M.  Powis  Bale,  M.Inst.C.E., 
M.I.Mech.E.  Author  of  "Woodworking  Machinery,"  &e.  12mo, 
cloth S1.50 

ON   GAS   ENGINES. 

With  Appendix  describing  a  Recent  Engine  with  Tube  Igniter.  By 
T.  M.  GooDEVE.  M.A.     12mo,  cloth Sl.OO 

THE   ENGINEER'S   YEAR-BOOK   FOR    1906. 

Comprising  Formulip,  Rules,  Tables,  Data,  and  Memoranda  in  Civil, 
Mechanical,  Electrical,  Marine,  and  Mine  Engineering;.  By  H.  R. 
Kempe,  M.Inst.C.E..  Principal  Staff  Engineer,  Engmeer-m-Chief's 
Office,  General  Post  Office.  London;  Author  of  "A  Handbook  of  Elec- 
trical Testing,"  "The  Electrical  Engineer's  Pocket-Book,"  &c.  With 
1,000  Illustrations,  specially  Engraved  for  the  Work.  12mo,  950  pp., 
leather $3.00 

THE   MECHANICAL   ENGINEER'S   POCKET-BOOK. 

Comprising  Tables,  Formulse,  Rules,  and  Data:  a  Handy  Book  of  Ref- 
erence  for  Daily  U.-«e  in  Engineering  Practice.  By  D.  Kinnear  Clark, 
M.Inst.C.E.,  Fifth  Edition,  thorou|rtilyRe\ised  and  Enlarged.  By  H.H. 
P.  PowLES,  A.M.Inst.C.E.,  M.I.M.E.  Small 8vo, 700  pp., leather. $3.0Q 

Summary  of  Contents: — Mathematical.  Tables. — Measurement  of 
Surfaces  and  Souds. — English  Weights  and  Measures. — Frsnck 
Metric  Weights  and  Measures. — Foreign  Weights  and-  Measures. — 
Moneys. — Specific  Gravitt,  Weight,  and  Volume. — Manufactured 
Metals. — Steel  Pipes. — Bolts  and  Nuts. — Sundry  Articles  in  Wrought 
AND  Cast  Iron,  Copper,  Brass,  Lead,  Tin,  Zinc. — Strength  of  Mater- 
ials.— Strenoth  of  Timber. — Strength  of  Cast  Iron. — Strength  of 
Wrought  Iron. — Strength  of  Steel. — Tensile  Strength  of  Copper, 
Lead,  Ac. — Resistance  of  Stones  and  other  Building  Materials. — 
Riveted  Joints  in  Boiler  Plates. — Boiler  Sheli^. — Wire  Ropes  and 
Hemp  Ropes — Chains  and  Ch\in  Cables. — Framing. — Hardness  of 
Metals,  Alloys,  and  Stones. — Labour  of  Animals. — Mechanical  Prin- 
ciples.— Gravity  and  Fall  of  Bodif^s. — Accelerating  and  Retardino 
Forces. — Mill  Gearing,  Shafting,  Ac. — Transmission  of  Motive  Power. 
—  Hbat.  —  Combustion.  —  Fuels.  —  Warming.  Ventilation.  Cooking 
Stovrs. — Steam. — Steam  Engines  and  Boilers. — Railways. — Tram- 
ways.— Steam  Ships. — Pumping  Steam  Engines  and  Pumps. — Coal  Gas, 
Gas  Engines,  Ac. — Air  in  Motion. — Compressed  Air. — Hot  Air  Enginf.s. 
— Water  Powbr,--Spekd  op  Cutting  Tools. — Colours. — Electricai* 
Enuinbbkino. 


8         CROSBY  LOCKWOOD  fir-  SON'S  CATALOGUE, 
PRACTICAL   MECHANICS'   WORKSHOP  COMPANION. 

Comprising  a  great  Variety  of  the  most  useful  Rules  and  Formulsp  in 
Mechanical  Science,  with  numerous  Tables  of  Practical  Data  and  Cal- 
culated Results  for  Facilitating  Mechanical  Operations.  By  William 
Templeton,  Author  of  "The  Engineer's  Practical  Assistant,"  &c.,  dec. 
Eighteenth  Exiition,  Revised,  Modernised,  and  considerably  Enlarged, 
by  W.  S.  HuTTON,  C.E.,  Author  of  "The  Works'  Manager's  Hand- 
book," &c.  Fcap.  8vo,  'aearly  500  pp.,  with  8  Plates  and  upwards  of 
250  Diagrams,  leather S"^.50 

ENGINEER'S  AND   MILLWRIGHT'S  ASSISTANT. 

A  Collection  of  Useful  Tables,  Rules,  and  Data.  By  Wiluam  Temple- 
ton.     Eighth  Edition,  with  Additions.     18mo.  cloth 81.00 

TABLES      AND    MEMORANDA       FOR       ENGINEERS, 

MECHANICS,  ARCHITECTS.  BUILDERS.  &c. 

Selected  and  Arranged  by  Francis  Smith.  Seventh  Edition,  Re\-ised, 
including  Electrical  Tables,  Formuljb,  and  Memoranda.  Waists 
coat-pocket  size,  limp  leather ^QQ 

THE   MECHANICAL   ENGINEER'S  COMPANION. 

Of  Areas,  Circumferences,  Decimal  Equivalents,  in  inches  and  feet,  mil- 
limetres, souares,  cubes, roots,  &c.;  Strength  of  Bolts,  Weight  of  Iron, 
&c.;  Weights,  Measures,  and  other  Data.  Also  Practical  Rules  for 
Engine  Proportions.     By  R.  Edwards,  M.Inst.C.E.     Fcap.  8vo,  cloth. 

Sl.OO 
MECHANICAL   ENGINEERING   TERMS. 

(Lockwood's  Dictionary  of).  Embracing  thoi«e  current  in  the  Drawing 
Office,  Pattern  Shop.  Foundry,  Fitting,  Turning,  Smiths',  and  Boiler 
Shops,  &c.  Comprising  upwards  of  6,000  Definitions.  Edited  by  J. 
G.  Horner,  A.M.I.M.E.  Third  Edition,  Revised,  with  Additions. 
12mo,  cloth 83.00 

"Just  the  sort  of  handy  dictionary  required  by  the  various  trades  engaged 
in  mechanical  engineering.  The  practical  engineering  pupil  will  find  the 
book  of  great  value  in  his  studies,  and  every  foreman  engineer  and  mechanio 
should  have  a  copy." 

POCKET  GLOSSARY   OF  TECHNICAL  TERMS. 

English-French,  French-English;  with  Tables  suitable  for  the  Archi- 
tectural, Engineering,  Manufacturing,  and  Nautical  Professions.  By 
John  James  Fletcher.  Fourth  Edition,  200  pp.  Waistcoat-pocket 
size,  limp  leather ^QQ 

IRON   AND   STEEL. 

A  W^ork  for  the  Forge  Foundry,  Factory,  and  Office.  Containing  ready, 
useful,  and  trustworthy  Information  for  Ironmasters  and  their  Stock- 
takers:  Managersof  Bar,  Rail,  Plate,  and  Sheet  Rolling  Mills;  Iron  and 
Metal  Founders 'Iron,  Ship,  and  Bridge  Builders;  Mechanical,  Mining, 
and  Consulting  Engineers;  Architects.  Contractors,  Buildem,  Ac.  By 
Charles  Hoarg,  Author  of  *'The  Slide  Rule."  &c.  Ninth  Edition. 
32mo,  leather S3.50 

WORKMAN'S  MANUAL  OF  ENGINEERING  DRAWING. 

Bv  John  Maxton,  Instructor  in  Engineering  Drawing,  Royal  Naval 
College,  Greenwich.  Eighth  Edition.  300  Plates  and  Diagrams. 
12mo.  cloth 91.40 

"A  copy  of  it  should  be  kept  for  reference  in  every  drawing  office." — En- 
gineering. 

PATTERN    MAKING. 

Embra^in^  the  Main  Types  of  Engineering  Construction,  and  including 
Coarinit,  Kngine  Work,  Sheaves  and  Pulleys,  Pipes  and  Columns.  Screws. 
Machine  Pans,  Pump;*  and  (^ocks,  the  Moulding  of  Patterns  in  Loam 
and  (5reensand,  Weight  of  Castings.  &o.  By  J.  G.  Hornrr.  A.M.I.M.E. 
Third  Edition,  Enlarged.    With 486  Illustrations.    1 2mo, cloth. gS.QQ 
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SMITHY   AND   FORGE. 

Including  the  Farrier'a  Art  and  Coach  Smithing.     By  W.  J.  E.  Crajik. 
^    12mo,  cloth Sl.OO 

"The  first  modem  KngliBh  book  on  the  subject.  Great  pains  have  been 
bestowed  by  the  author  upon  the  book;  shoeing-smiths  will  find  it  both 
useful  and  interesting." 

TOOTHED   GEARING. 

A  Practical  Handbook  for  Offices  and  Workshops.  By  J.  Horneb, 
A.M.I. M.K.  Second  Kdition,  with  a  new  Chapter  on  Recent  Practice. 
With  184  Illustrations.     12mo,  cloth 92m2& 

MODERN   WORKSHOP   PRACTICE, 

As  applied  to  Marine,  Land,  and  Locomotive  Engines,  Floating  Docks, 
Dredging  Machines,  Bridges,  Shipbuilding,  &c.  By  J.  G.  Wintok. 
Fourth  Edition,  Illustrated.     12mo,  cloth U«40 

DETAILS   OF   MACHINERY. 

Comprising  Instructions  for  the  Execution  of  various  Works  in  Iron  in 
the  Fitting  Shop,  Foundry,  and  Boiler  Yard.  By  Francis  Campin, 
C.E.     12mo,  cloth 81.20 

ENGINEERING  ESTIMATES,  COSTS,  AND  ACCOUNTS. 

A  Guide  to  Commercial  Engineering..  With  numerous  examples  of  Es- 
timates and  Costs  of  Millwright  Work,  Miscellaneous  Productions, 
Steam  Engines  and  Steam  Boilers;  and  a  Section  on  the  Preparation 
of  Costs  Accounts.  By  A  General  Manager.  Second  Edition.  8vo» 
cloth §4.50 

MECHANICAL   ENGINEERING. 

Comprising  Metallurgy,  Moulding.  Casting,  Forging.  Tools,  Work.shop 
Machinery,  Mechanical  Manipulation,  Manufacture  of  the  Steani  En-<^ 
gine,  &c.     By  Francis  Campin,  C.E.     Third  Edition.     12mo,  cloth 

$1.03 
LATHE-WORK. 

A  Practical  Treatise  on  the  Tools.  Appliances,  and  Processes  employed  in 
the  Art  of  Turning.  By  Paul  N.  Hasluck.  Eighth  Edition.  12mo, 
cloth 82.00 

•'Written  by  a  man  who  knows  not  only  how  work  ought  to  be  done,  but 
who  also  knows  how  to  do  it,  and  how  to  convey  his  knowledge  to  others." — 
Engineering. 

SCREW-THREADS, 

And  Metbo<lH  of  Producing  Them.  With  numerous  Tables  and  com- 
plete Directions  for  using  Screw-cut  ttngLathes.  By  Paul  N.  Hasluck, 
Author  of  "Lathe- work,"  Sec.     Sixth  Edition.      Waistcoat-pocket  siae. 

.60 

"Full  of  useful  information,  hints  and  practiral  criticwm.  Tans,  die5, 
and  screwing  tools  generally  are  illustrated  and  their  action  descibed." 

CONDENSED    MECHANICS. 

A  Selection  of  Formula?,  Rules,  Tables,  and  Data  for  the  I^se  of  Engi- 
neering Students,  &c.     By  W.  G.  C.  Hughes,  A.M.I.C.E.     12mo,  clf>th. 

$1.00 
MECHANICS   OF   AIR    MACHINERY. 

By  Dr.  J.  Weisbach  and  Prof.  G.  Hkrrmanx.  Authorized  Translation 
with  an  Appendix  on  American  Practice  by  A.  TnowDRiroK,  Ph.B., 
Adjunct  Profe^*so^  of  Mechanical  Engineering,  Columbia  T^niversity. 
Royal  8vo,  cloth Net  S?.75 


lo       CROSBY  LOCKWOOD  ^  SON'S  CATALOGUE. 
PRACTICAL   MECHANISM. 

And  Machine  Tools.  By  T.  Bakbr,  C.E.  With  Remarks  on  Tools  and 
Machinery  by  J.  Nabmtth,  C.E.     12mo,  cloth Sl.OO 

MECHANICS. 

Being  a  concise  Exposition  of  the  General  Principles  of  Mechanical 
Science  and  their  Applications.  By  C.  Tomunbon,  F.R.S.  12mo, 
cloth .60 

FUELS:   SOLID,    LIQUID,   AND   GASEOUS. 

Their  Analysis  and  Valuation.  For  the  use  of  Chemistsi  and  Engineers. 
By  H.  J.  Phillips,  F.C.S.,  formerly  Analytical  and  Consulting  Cnemist 
to  the  Great  Eastern  Railway.    Fourth  Edition.    12mo,  cloth.  .       .gQ 

"Ought  to  have  its  place  in  the  laboratory  of  every  metallurgical  estab- 
lishment and  wherever  fuel  is  used  on  a  large  scale." — Chemical  NeiM. 

FUEL,    ITS  COMBUSTION   AND   ECONOMY. 

Consisting  of  an  Abridgment  of  "A  Treatise  on  the  Combustion  of  Coal 
and  the  Prevention  of  Smoke."  By  C.  W.  Wiixiams,  A.lnst.C.E. 
With  extensive  Additions  by  D.  Kinneajk  Clark,  M.Inst. C.E. 
Fourth  Edition.     12mo.  cloth S1.50 

"Students  should  buy  the  book  and  read  it,  as  one  of  the  most  complete 
and  satisfactory  treatises  on  the  combustion  and  economy  of  fuel  to  be 
iiad." — Enffineer, 

STEAM    AND   THE   STEAM    ENGINE, 

Stationary  and  Portable.  Being  an  Extension  of  the  Treatise  rn  the 
Stesm  Engine  of  Mr.  J.  Sewell.  By  D.  K.  Claak,  C.E.  Fourth  Edi- 
tion.    12mo,  cloth Sl*40 

"Every  essential  part  of  the  subject  is  treated  of  competently,  and  in  a 
popular  style." 

PUMPS   AND   PUMPING. 

A  Handbook  for  Pump  Users.  Being  Notes  on  Selection,  Construction, 
and  Management.  By  M.  Powis  Balk,  M.Inst.C.E.,  M.I.Mech.E. 
Fourth  Fxiition.     12mo,  cloth S1.50 

"  Thoroughly  practical  and  clearly  written." 

REFRIGERATION,   COLD   STORAGE,  &    ICE-MAKING. 

A  Practical  Treatise  on  the  Art  and  Science  of  Refrigeration.  By.  A. 
J.  Wallis-Tayler,  A.M.InRt.C.E.,  Author  of  "Refrigerating  and  Ice- 
Making  Machinery."     600  pp.,  with  360  Illustrations.     Medium  8vo, 

cloth g4.50 

Contbntb: — Chapter  I.  Introduction. — II.  The  Theory  and  Prac- 
tice OK  Refrigeration. — III.  The  Liquefaction  Process. — IV.  Thb 
Vacuum  Process. — V.  The  Compression  Process  or  System. — VI.  The 
Compression  Process  (Con/inued). — VII.  The  Compression  Process  (Con- 
tinued).— VIII.  Condensers  and  Water-Coolinq  and  Saving  Apparatus. 
— IX.  The  Absorption  and  Binary  Absorption  Process  or  System. — 
X.  The  Cold-Air  System. — XI.  Cocks,  Valves  and  Pipe-Joints  and 
Unions. — XII.  Refrigeration  and  Cold  Storage. — XIII.  Refrigera- 
tion ANi>  Cold  Storage  (Continued). — XIV.  Refrigeration  and  Cold 
Storage  (Continued). — XV.  Refrigeration  and  Cold  Storage  (Con- 
tinued).— XVI.  Marine  Refrigeration. — XVII.  Manufacturing,  In- 
dustrial  and   Constructional   Applications. — XVIII,  Ice-Making. — 

XIX.  The  Management  and  Testing  of  Refrigerating  Machinery. — 

XX.  Cost  of  Working. — XXI.  The  Production  of  Very  Low  Temper- 
atures.— XXII.  Useful  Tables  and  Memoranda. — Appendix. — Bibli- 
ography OF  Refhioeration. 


CIVIL  ENGINEERING,  SURVEYING,  &*c.  ii 

THE  POCKET  BOOK  OF  REFRIGERATION  AND  ICE- 

MAKINQ. 

By  A.  J.  Wallis-Tatuer,  A.M.Inst.C.E.  Author  of  "Refrigerating 
and  Ice-making  Machinery/'  Ac.  Third  Ekiition,  Enlarged.  12ino, 
cloth S1.50 

REFRIGERATING   &    ICE-MAKING   MACHINERY. 

A  Descriptive  Treatise  for  the  Use  of  Persons  Employinft  Refrigerating 
and  Ice-making  Installations,  and  others.  By  A.  J.  Walub-Taylbr, 
A.M.Inst.C.E.     Third  Edition.  Enlarged.     12mo.  cloth S3.00 

"May  be  recommended  as  a  useful  description  of  the  machinery,  the  proc- 
esses, and  of  the  acts,  figures,  and  tabulated  phjnrics  of  refrigerating. "-^£n- 
ffineer. 

MOTOR   VEHICLES   FOR   BUSINESS   PURPOSES. 

A  Practical  Handbook  for  those  interested  in  the  Transport  of  Passen- 

Ers  and  Goods.     By  A.  J.  Wallis-Tayz>eb,  A.M.Inst.C.E.     With  134 
ustrations.     Demy  8vo,  cloth [JuMtpublUhed.]    ^13,50 

MOTOR  CARS  OR  POWER-CARRIAGES  FOR  COMMON 
ROADS. 

By  A.  J.  Wallxs-Tatler,  A.M.Inst.C.E.  212  pp.,  with  76  IIluBtrations. 
12mo,45loth S2.00 

aMrIAL   NAVIGATION. 

A  Practical  Handbook  on  the  Construction  of  Dirigible  Balloons,  A?ro< 
stats.  Aeroplanes,  and  Afromotors.  By  Frkdbrxck  Walker,  C.E., 
Associate  Member  of  the  Aeronautic  Institute.  With  104  Illustrations. 
Large  12mo,  cloth S3.00 

STONE- WORKING   MACHINERY. 

A  Manual  dealing  with  the  Rapid  and  E>!onomical  Conversion  of  Stone. 
With  Hints  on  the  Arrangement  and  Management  of  Stone  Works.  By 
M.  PowTS  Bau;,  M.Inst.C.E.,  M.I.Mech.E.  Second  Edition,  enlargecf. 
12mo,  cloth S3.50 

"The  book  should  be  in  the  hands  of  every  mason  or  student  of  stone- 
work." 

"A  handbook  for  all  who  manipulate  stone  for  building  or  ornamental 
purposes." 

FIRES.  FIRE-ENGINES,   AND    FIRE    BRIGADES. 

With  a  History  of  Fire-Engines,  their  Construction,  Use.  and  Manage- 
ment; Foreign  Fire  Systems;  Hints  on  Fire-Brigades,  &c.  By  C.  F. 
T.  YouNO,  C^.     8vo,  cloth S8.00 

CRANES. 

The  Construction  of,  and  other  Machinery  for  Raising  Hea\'y  Bodies 
for  the  Erection  of  Buildings,  &c.     By  J.  Glynn,  F.R.S.     12mo,  cloth. 

.60 
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PIONEER    IRRIGATION. 

A  Manual  of  Information  for  Farmers  in  the  Colonies.  By  E.  O.  Maw- 
f»ON,  M.Inst.C.E.,  Executive  Engineer,  Public  Works  Department, 
Bombay.  With  Additional  Chapters  on  Light  Railways  by  E.  R. 
Calthrop,  M.Inst.C.E.,  M.I.M.E.  Illustrated  by  numerous  Plates 
and  Diagrams.     Demy  8vo,  cloth 84.00 

SrMMARY  OF  Contents- — Value  or  Irrigation,  and  Sources  op  Water 
Supply. — Dams  and  Weirb. — Canaub. — Undkroround  Water. — Meth- 
OD8  OF  Irrigation. — Sf.waoe  Irrigation. — Imperial  Automatic  Sluice 
Gates. — The  Ct'ltivation  of  Irrigated  Crops,  Vegetables,  and  Fruit 
Trees. — Light  Railways  for  Heavy  TRArnc. — Useful  Memoranda  and 
Data. 


12        CROSBY  LOCKWOOD  6*  SON'S  CATALOGUE. 
THE  RECLAMATION  OF  LAND  FROM  TIDAL  WATERS. 

A  Handbook  for  Engineers,  Landed  Proprietors,  and  others  interested 
in  Works  of  Reclamation.     By  A.  Beazelt,  M.inst.C.E.     8vo,  cloth. 

*'The  book  shows  in  a  concise  way  what  has  to  be  done  in  reclaiming  land 
from  the  sea,  and  the  best  way  of  doing  it.  Contains  a  great  deal  oi  prac- 
tical and  useful  information  which  cannot  fail  to  be  of  service  to  engineers 
entrusted  with  the  enclosure  of  salt  marshes,  and  to  landowners  intending 
to  reokdm  land  from  the  sea." — The  Engineer. 

THE   WATER   SUPPLY   OF   TOWNS   AND   THE   CON- 
STRUCTION OF  WATER-WORKS. 

A  Practical  Treatise  for  the  Use  of  EnjgdneerB  and  Students  of  Engineer* 
ing.     By  W.  K.  Burton,  A.M.Inst.C.E.,  Consulting  Engineer  to  the 
Tokyo  Wat«r- works.     Second  Edition,  Revised  and  Extended.   With 
numerous  Plates  and  Illustrations.   Super-royal  8vo,  buckram.  ^9,00 
I.  Introductory. — II.  Different  Qualities  of  Water. — III.  Quan- 
TiTT  OF  Water  to  be  Provided. — IV.  On  Ascertainino  whether  a  Pro- 
posed Source  of  Supply  is  Sufficient. — V.  On  Estimating  the  Storage 
Capacity  Required  to  be  Provided. — VI.  Classification  of  Water- 
works.— VII.  Impounding  Reservoirs. — VIII.  Earthwork  Dams. — IX. 
Masonry  Dams. — X.  The  Purification  of  Water. — XI.  Settling  Res- 
ERVoiRs. — XII.  Sand  Filtration. — XIII.  Purification  of  Water  bt 
Action  of  Iron,  Softening  op  Water  by  Action  of  Lime,  Natural 
Filtration. — XIV.  Service    or    Clean  Water    Reservoirs — Water 
Towers — Stand  Pipes. — XV.  The  Connection  of  Settling  Reservoirs, 
Filter  Beds  and  Service  Reservoirs. — XVI.  Pumping  Machinery. — 

XVII.  Flow  of  Water   in  Conduits — Pipes  and  Open  Channels. — 

XVIII.  Distribution  Systems. — XIX.  Special  Provisions  for  the  Ex- 
tinction of  Fire. — XX.  Pipes  for  Water-works. — XXI.  Prevention 
of  Waste  of  Water. — XXII.  Various  Appliances  used  in  Connection 
WITH  Water-works. 

Appendix  I.  By  Prof.  JOHN  MILNE,  F.R.S. — Conbidf.rations  Con- 
cerning THE  Probable  Effects  op  Earthquakes  on  Water-works,  and 
THE  Special  Precautions  to  be  Taken  in  Earthquake  Countries. 

Appendix  II.  By  JOHN  DE  RIJKE,  C.E.— On  Sand  Dunes  and  DuN« 
Sand  as  a  Source  of  Water  Supply. 

THE   WATER   SUPPLY   OF   CITIES   AND   TOWNS. 

By  William  Humber,  A.M.Inst.C.E.,  and  M.Inst.M.E.,  Author  of 
"Cast  and  Wrought  Iron  Bridge  Construction,"  Ac,  Ac.  Illustrated 
with  50  Double  Plates,  1  Single  Plate,  Coloured  Frontispiece,  and  up- 
wards of  250  Woodcuts,  and  containing  400  pp.  of  Text.     Imp.  4to, 

elegantly  and  substantially  half-bound  in  morocco S45.00 

liiST  or  Contents: — I.  Historical  Sketch  of  some  of  the  means  that 

HAVE  BEEN  ADOPTED    FOR  THE  SuPPLY  OF  WaTER  TO  CiTIBS  AND  ToWNS. 

II.  Water  and  the  Foreign  Matter  usually  associated  with  it. — III. 
Rainfall  and  Evaporation. — IV.  Springs  and  the  Water-rearino 
Formations  of  Various  Districts. — V.  Measurement  and  Estimation 
OF  THE  Flow  of  Water. — VI.  On  the  Selection  of  the  Source  of  Sup- 
ply.—  VII.  Wells.  —  VIII.  Reservoirs.  —  IX.  The  Purification  of 
Water.  —  X.  Pumps.  —  XI.  Pumping  Machinery.  —  XII.  Conduits. — 
XIII.  Distribution  of  Water. — XIV.  Meters.  Service  Pipes,  and 
House  Fittings. — XV.  The  Law  and  Economy  op  Water-works. — XVI. 
Constant  and  Intermittent  Supply. — XVII.  Description  of  Plates. — 
Appendices,  giving  Tables  op  Rates  of  Supply,  Velocities,  Ac,  Ac, 
together  with  Specifications  of  Several  Works  Illustrated,  among 

WHICH    WILL    BE    FOUND:      ABERDEEN,    BiDEFORD,    CaNTSBBURT,    DuNDBB, 

Halifax,  Lambeth,  Rotherham,  Dublin,  and  others. 

RURAL   WATER    SUPPLY. 

A  Practical  Handbook  on  the  Sunoly  of  Water  and  Construction  of 
W.iter-workf  for  Hmall  Countrj'  Districts.  Bv  Allan  Greenwell, 
A.M.Tnst.C.E..  and  W.  T.  Curry,  A.M  In.«?f.r.E.,  F.G.S.  With  Illus- 
trations.    Second  Edition,  Revised.     12rao,  cloth S2.00 
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WATER   ENQINEERINQ. 

A  Practical  Treatise  on  the  Measurement,  Storace*  Conveyance,  and 
Utilisation  of  Water  for  the  Supply  of  Towns,  for  Mill  Power,  and  for 
other  Purposes.  By  Charles  Slaoo,  A.M.Inst.C.E.  Second  Edition. 
12mo.  cloth 83.00 

WATER  WORKS,  FOR  THE  SUPPLY  OF  CITIES  AND 

TOWNS. 

With  a  Description  of  the  Principal  Geological  Formations  of  England 
as  influencing  Supplies  of  Water.     By  Samuel  Huohes.     12mo,  cloth. 

IS1.60 
POWER   OF   WATER. 

As  applied  to  drive  Flour  Mills,  and  to  give  motion  to  Turbines,  and 
other  Hydrostatic  Engines.  By  Joseph  Glynn,  F.R.S.,  &c.  New 
Edition.     Illustrated.     12mo,  cloth QQ 

WELLS   AND   WELL-SINKING. 

By  J.  G.  Swindell,  A.R.I.B.A.,  and  G.  R.  Burnbll,  C.E.  Revised 
Edition.     12mo,  cloth ^gQ 

"Solid  practical  information,  written  in  a  concise  and  lucid  style.  The 
work  can  be  recommended." 

HYDRAULIC   POWER   ENQINEERINQ. 

A  Practical  Manual  on  the  Concentration  and  Transmission  of  Power 
by  Hydraulic  Machinerv.  By  G.  Crotdon  Marks,  A.M.Inst.C.E. 
Second  Edition,  Enlarged,  with  about  240  Illustrations.     8vo.  cloth. 

[Jutt  Published.  93,50 
Summary  op  Contents: — Principles  or  Htdraulicb. — The  Flow  of 
Water. — Hydraulic  Prrsscrbs. — Material. — Test  Load. — Packings 
FOR  Sliding  Surfaces. — Pipe  Joints. — Controlling  Valves. — Platform 
Lifts. — Workshop  and  Foundry  Cranes. — Wakkhousk  and  Dock 
('RANE8. — Hydraulic  Accumulators. — Presses  for  Baling  and  other 
Purposes. — Sheet  Met.\l  Working  and  Forging  Machinery. — Hy- 
draulic Riveters. — Hand  and  Power  Pumps. — Steam  Pumps. — Tur- 
bines.— Impulse  Turbines. — Reaction  Turbines. — Design  of  Tur- 
bines IN  Detail. — Water  Wheels. — Hydraulic  Engines. — Recent 
Achievements. — Pressure  of  Water. — Action  of  Pumps,  &c. 

HYDRAULIC   MANUAL. 

Consisting  of  Working  Tables  and  Explanatory  Text.  Intended  as  a 
Guide  in  Hydraulic  Calculations  and  Field  Operations.  By  Lowis 
D'A.  Jackson,  Author  of  "Aid  to  Survey  Practice,"  "Modern  Metrol- 
ORy."  Ac.     Fourth  Edition,  Enlarged.     8vo,  cloth 86.00 

"The  author  ha8  constructeil  a  manual  which  may  be  accepted  as  a  trust- 
worthy guide  to  this  branch  of  the  engineer's  profession." — Engineering. 

HYDRAULIC  TABLES,  CO-EFFICIENTS,  &  FORMULA. 

For  Finding  the  Discharge  of  Water  from  Orifices,  Notches,  Weirs, 
Pil)e.H,  and  Rivers.  With  New  Formulae,  Tables,  and  General  Informa- 
tion on  Rain-fall,  Catchment-Basins,  Drainage.  Sewerage,  Water  Sup- 
ply for  Towns  and  Mill  Power.  By  John  Nevillb,  C.E.,  M.R.T.A- 
Third  R<lition,  revised,  with  additions.  Numerous  Illustrations. 
12mo,  cloth S5.00 

"Tt  in,  of  all  English  books  on  the  subject,  the  one  nearest  to  complete- 
Tiess." 

MASONRY  DAMS  FROM  INCEPTION  TO  COMPLETION. 

Inchiding  numerous  Formtdse,  Forms  of  Specifications  and  Tender, 
Pocket  Diagram  of  Forces,  See.     For  the  use  of  Civil  and  Mining  En- 
gineeTi.     By  C.  F.  Courtney,  M.Inst.C.E.     8vo,  cloth 83.50 

"Contains  a  good  deal  of  valuable  data.  Many  ineful  sugge^ions  will  be 
found  in  the  reiparks  on  site  and  position,  location  of  dsm,  /oundations 
and  constuction." — Building  New9, 


14       CROSBY  LOCKWOOD  6r  SOIL'S  CATALOGUE, 
RIVER   BARS. 

The  (*AUi«t  of  th^ir  FormatiOD,  and  their  Tmitment  by  "Induced  Tidal 
Hcoiir*';  mith  a  TJe>icription  of  the  Sii«*ceti8luJ  Reduviion  b>  this  Method 
of  the  Bar  at  Dublin.  By  I.  J.  Maxx,  As^i^t.  £nc.  to  tbe  Dublin  Port 
and  Difckn  Hoard.     Roy-d  8vo,  rloth S3.00 

"We  rorommend  all  inteiested  in  harbour  worka — and,  indeeci.  f  how  con- 
cerned in  the  iniprovementii  of  rivers  generally — to  read  Mr.  Mann '9  inter- 
esting work."—  Enoineer. 

DRAINAGE   OF   LANDS,   TOWNS,  AND   BUILDINQS. 

By  <!.  D.  DRMrsET.  C\E.  Kevi»pd,  ^ith  lance  Additions  on  Hccent 
Practice  in  Draina^oe  Mngineerin^  hy  I>.  KiN.seAB  Clark.  M.lnjtt.C.K. 
I'ourth  Edition.     12mo,  cloth ^1.^)0 

SURVEYING   AS   PRACTISED   BY   CIVIL   ENGINEERS 

AND  SURVEYORS. 

Including  the  Settin^-out  of  Workn  for  Coniit ruction  and  Surveys 
Abroad,  with  many  Kxan.ples  taken  from  Actual  Practice.  A  Hand- 
bfx>k  for  ui^e  in  thtf  Field  and  tbe  Office.  intende<l  aIao  ah  a  Text -book 
for  Stvdentfl.  By  Johj*  Whttklaw,  Jun.,  A.M.In«*t.C.E.,  Author  of 
"Points  and  Ooraingn.''  With  about  260  Illnsitrations.  JJemy  8vo, 
cloth S4.00 

PRACTICAL   SURVEYING. 

A  Text-book  for  Students  preparing  for  Fxamination  or  for  Survey- 
work  in  the  Colonies.  By  Oeorgk  W.  Usii.l,  A.M.InHt.C.F.  Eighth 
Edition,  thoroughly  Revised  and  Enlarged,  by  Ai£X  Beazelkt, 
M. [nMt.(  '.E.  With  4  Lithographic  Plp.tes and  360  Illustnitions.  12mo, 
cloth S3.00 

SURVEYING   WITH   THE  TACHEOMETER. 

A  prarticHl  Manual  for  the  uve  of  l.M>il  and  Military  Engineers  and  Sur- 
veyors, inclurlin^  two  series  of  Tables  specially  computed  for  the  Re- 
duction of  Headings  in  iSexagesimal  and  in  rente.«iinnal  Degrees.  By 
Neil  Ke.vnedy,  M.Inst.C.E.  With  Diagrams  and  Plates.  Second 
Edition.     8vo,  cloth 84.00 

"The  work  is  very  clearly  written,  and  should  remove  all  difficulties  in  the 
wav  of  anv  surveyor  desirous  of  making  use  of  this  useful  and  mpid  instru- 
nient." — Nature, 

LAND  AND  ENGINEERING  SURVEYING. 

For  Students  and  Practical  Use.  Py  T.  B.\ker,  C.E.  Twentieth  Edi- 
tion, by  F.  E.  Dixon,  A.M.Inst.C.E.  With  Plates  and  Diagran  s. 
i2mo,  cloth ,80 

AID   TO   SURVEY   PRACTICE. 

For  rteference  in  Surveying,  T/evelling,  and  Setting-out;  and  in  Route 
Surveys  of  Travellers  by  LiEuid  and  Sea.  With  Tables,  Illustration!*, 
and  Records.  By  L.  D'A.  Jackson,  A.M.Inst.C.E.  Second  Edition. 
8vo,  cloth 85.00 

LAND   AND   MARINE   SURVEYING. 

In  Reference  to  the  Preparation  of  Plans  for  Roads  and  Railwavs; 
(^anals,  Rivers,  Towns'  Water  Supplies;  Docks  and  Harbours.  \Viih 
DescriptionandT^seof  Surveying  Instrument^.  ByW.  DAViaHAaKoi-i., 
C.E.    Second  Edition,  Revised  with  Addition  4.     Crown  8vo,  cloth. 

83.50 
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ENGINEER'S  &  MINING  SURVEYOR'S  FIELD  BOOK. 

Consisting  of  a  Series  of  Tables,  with  Rules,  ExplaiiP.tions  of  Systems 
and  UP€  of  Theodolite  f</r  Travep«e  Siirveyinir  and  plotting  the  work 
with  minute  accunacv  by  moans  of  Straight  Edge  and  Set  Square  only; 
Levelling  with  tho  Theodolite,  Setting-out  Cuives  with  and  without  the 
Theodolite,  Earthwork  Tables),  Ac.  By  W.  Davis  Haskoll,  C.E.  With 
numerous  Woodcuts.     Fifth  Edition,  Flnlfirged.     12mo,  cloth. ^4,^^ 

"The  book  is  very  hardy;  the  separate  tables  of  sines  and  tangents  to 
every  minute  will  make  it  ii<>eful  for  many  other  purposes,  the  genuine 
traverse  tables  existing  all  the  same." 

AN  OUTLINE  OF  THE  METHOD  OF  CONDUCTING 

A  TRIdONOMETRICAL  SURVEY. 

For  the  Formation  of  Cieographical  and  Topographical  Maps  and  Plans, 
Militarv  Reconnaissance,  LEVELLING,  Ac,  with  T^seful  Problems, 
FormuLT,  and  Table?.  By  Lieut. -General  From?:.  R.E.  J'ourth  Edi- 
tion, Revised'  and  partly  Re-written  by  Major-General  Sir  Charubm 
Warren,  G.C.M.G.,  R.E.  With  19  Plates  and  Ho  Woodcuts.  8vo, 
cloth S6.00 

PRINCIPLES   AND    PRACTICE   OF   LEVELLING. 

Showing  its*  Application  to  Purposes  of  Railway  and  Civil  Fngineerins 
in  the  Con"*truction  of  Roads*  with  Mr.  Telford's  Rules  for  the  same. 
By  Frederick  W.  Simmb,  M.Inst.CE.  Eighth  Edition,  with  Law'b 
Practical  Examnlps  for  Sett.ing-out  Railway  C}urves,  and  Trautwtnk'» 
Field  Practice  of  Laying  out  Circular  Curves.  With  7  Plates  and  nu- 
merous Woodcuts.     8vo S2.50 

"The  text-book  on  levelling  in  most  of  our  engineering  schools  and  co^ 
leges."-  -Enoineer. 

"The  publi9h<»r8  have  rendered  a  substantial  service  to  the  profession, 
especially  to  the  younger  members,  bv  bringing  out  the  present  edition  of 
Mr.  Simm's  U5«ful  work." — Kn^ineerivq. 

TABLES  OF  TANGENTIAL  ANGLES  AND  MULTIPLES. 

For  Setting-out  Curves  from  f)  to  2t)0  Radius.  By  A.  BEAZELEY.M.Tnst. 
C.E.  7th  Edition.  Revised.  With  an  Appendix  on  the  use  of  the 
Tables  for  Measuring  un  Curves.  Printed  on  50  Cards,  and  sold  in  a 
nloth  box,  waistcoat-pocket  size SI .50 

"Each  table  is  printed  on  a  small  cird,  which,  placed  on  the  theodolite, 
leaves  the  hands  free  to  maninnlate  the  instrument — no  small  advantage 
as  regards  the  rapidity  of  work." 

"Very  handy;  a  man  may  know  that  all  his  day's  work  must  fall  on  two 
of  these  cards,  which  be  puts  into  his  own  card-case,  and  leaves  the  nest 
behind." 

PIONEER   ENGINEERING. 

A  treatise  on  the  Engineering  Operations  connected  with  the  Settle>- 
ment  of  Waste  Lands  in  New  Countries.     By  E.  Dobson,  M.Inst. C.E, 

Second  Edition.     12mo,  cloth 81.80 

"Mr  Dobson  is  familiar  with  the  difficulties  which  have  to  be  overcome 

in  this  class  of  work,  and  much  of  his  advice  will  be  valuable  to  yotiDS 

engineers  proceeding  to  our  colonies." — Engineering.' 

TUNNELLING. 

A  Practical  Treatise.  By  Chart.es  Preuni,  C.E  With  additions  by 
(%ARi.K8  S.  H11.L,  C.E.  With  150  Diagram?  and  Illustrations.  Royal 
8vo,  cloth 83.0O 

PRACTICAL   TUNNELLING. 

Explaining  in  detail  Setting-out  the  Works,  Shaft-sinking,  and  Headin^- 
dri\nng,  Ranging  the  Lines  and  Levelling  underground,  Sub-Excavat- 
ing/Timbering  and  the  Construction  of  the  Brickwork  of  Tunnels.  By 
F.  W.  SiMM.^.  M.Inst.C.E.  Fourth  Edition.  Revised  and  Further  Ex- 
tended, including  the  most  recent  (1895)  Examples  of  Sub-aqueous  wnd 
other  Tunnels,  by  D.  Kinkcar  Clark.  M  Inst  C.E  With  34  Folding 
Plates      Imperial  8vo,  cloth S9*0O 


i6        CROSBY  LOCKWOOD  6*  SON'S  CATALOGUE. 
EARTH    AND    ROCK   EXCAVATION. 

A  Practical  Treatise,  by  Charlrs  PnctiNi,  C.E.  365  pp.,  with  Tables, 
many  DiaRrams  and  Engravings.     Royal  8vo,  cloth. 

[Ju9t  Pvbluhed,     S3.00 

CONSTRUCTION   OF   ROADS   AND   STREETS. 

By  H.  Law,  C.E.,  and  D.  K.  Clark,  C.E.  Sixth  Edition,  reA-ised,  with 
Additional  Chapters  by  A.  J.  Wallw-Tayler,  A.M.Inst.C.E.  12n]o, 
cloth $2.50 

TRAMWAYS:  THEIR  CONSTRUCTION  AND  WORKING. 

Embracing  a  Comprehensive  History  of  the  System ;  with  an  exhaustiv^e 
Analyain  of  the  Various  Modes  of  Traction,  including  Horse  Power, 
Bteam,  Cable  Traction,  Electric  Traction,  &c.\  a  Description  of  the 
Varieties  of  Rolling  Stock;  and  ample  Details  of  Cost  and  Working 
fbcpenses.  New  Edition,  Thoroughly  RcAnsed,  and  Including  the 
Progress  recently  made  in  Tramway  Construction,  Ac,  <fcc.  By  D. 
KiNNBAR  Clark,  M.In^t.C.E.  With  400  Illustrations.  Svo,  780  pp., 
buckram S7.50 

HANDY   GENERAL  .EARTH-WORK  TABLES. 

Gi\-ing  the  Contents  in  Cubic  Yards  of  Centre  and  Slopes  of  Cuttings 
and  Embankments  from  3  inches  to  80  feet  in  Depth  or  Height,  for  use 
with  either  66  feet  Chain  or  100  feet  Chain.  By  J.  H.  Watbon  Buck, 
M.Inat.C.E.     On  a  sheet  mounted  in  cloth  case 81.50 

EARTHWORK  TABLES. 

Showing  the  Contents  in  Cubic  Yards  of  Embankments.  Cuttmgs,  Ac^ 
of  Heights  or  Depths  up  to  an  averajre  of  80  feet.  By  Josepr  Broad- 
bent,  C.E.,  and  Francis  Campin,  C.E.     12mo,  cloth SS.OO 

"The  way  in  which  accuracy  is  attained,  by  a  simple  diviwon  of  each  cross 
section  into  three  elements,  two  in  which  are  constant  and  one  variable,  is 
ingenious." 

A    MANUAL   ON    EARTHWORK. 

By  Alex.  J.  Graham,  C.E.  With  numerous  Diagrams.  Second  Edi- 
tion.    18mo,  cloth Sl.OO 

THE   CONSTRUCTION   OF   LARGE   TUNNEL   SHAFTS. 

A  Practical  smd  Theoretical  Essay.  By  J.  H.  Watson  BrcK,  M.fnst. 
C.E.,  Resident  Engineer,  L.  and  N.  W.  R.  With  Folding  Plates,  Svo. 
cloth S4.80 

"Many  of  the  methods  given  are  of  extreme  practical  value  to  the  mason, 
and  the  observations  on  the  form  of  arch,  the  rules  for  ordennc?  the  stone, 
and  the  construction  of  the  templates,  will  be  found  of  considerable  use  *' 

ESSAY   ON   OBLIQtfE   BRIDGES 

(Practical  and  Theoretical. )  With  13  large  Plates.  By  the  l<ite  G forge 
Watson  Buck,  M  Inst  .C.E  Fourth  Edition,  revised  by  h\s  Son.  .J.  H. 
Watson  Buck,  .M.In.Mt  C.E  ;  and  with  the  addition  of  Description  to 
Diagrams  for  Facilitating  the  Construction  of  Oblique  Bridges,  by  W. 
H.  Barlow,  M.Inst.C.E      Royal  Svo.  cloth S4.80 

CAST   &    WROUGHT    IRON    BRIDGE   CONSTRUCTION 

(A  Complete  and  Practical  Treatise  on),  including  Iron  Foundations 
In  Three  Parts. — Theoretical,   Practical,  and  Dp.srriptive      By   Wil 
LiAM  HuMBER.  A.M.Inst  C.E  .  and  M  In.st.M.E.    Third  P^iition.  re\n.««d 
and  much  improved,  with  115  Double  Plates  (20  of  which  now  first 
appear  in  this  edition  ),  and  numeroits  Additions  lo  the  Text     In  2  vols., 
imp.  4to,  half-bound  m  morocco S50.00 

IRON   BRIDGES   OF   MODERATE   SPAN: 

Their  Construction  and  Erection  By  H.  W.  Pendred  With  40  Il- 
lustrations.    12mo,  cloth ,80 
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IRON   AND  STEEL  BRIDGES  AND   VIADUCTS. 

A  Practical  Treatise  upon  their  Construction.  For  the  vase  of  Engi- 
neers.  Draughtsmen,  and  Students.    By  Francis  Campin,  C.E.     12mo, 

*^o**^ «1.40 

TUBULAR  AND   OTHER   IRON   GIRDER   BRIDGES, 

Describing  the  Britannia  and  Conway  Tubular  Bridges.  With  a 
Sketch  of  Iron  Bridges,  &o.     By  G.  D.  Dempsey,  C.E.     12mo,  cloth. 

.80 
GRAPHIC   AND  ANALYTIC   STATICS. 

In  Their  Practical  Application  to  the  Treatment  of  Stresses  in  Roofs, 
Solid  Girders,  Lattiv^e,  Bowstring,  and  Suspension  Bridges,  Braced 
Iron  Arohes  and  Piers,  and  other  Frameworks.  By  R.  Hudsox 
Graham,  C.E.  Containing  Diagrams  and  Plates  to  Scale.  With  num> 
erous  Examples,  many  taken  from  existing  Structures.  Specially 
arranged  for  Class-work  In  Colleges  and  Universities.  Second  Edition, 
Revised  and  Enlarged.    8vo,  cloth W«00 

WEIGHTS  OF  WROUGHT  IRON  &  STEEL  GIRDERS. 

A  Graphic  Table  for  Facilitating  the  Computation  of  the  Weights  of 
Wrought  Iron  and  Steel  Girders,  &c.,  for  Parliamentary  and  other 
Estimates.    By  J.  H.  Watson  Buck,  M.Inst.C.E.    On  a  sheet.  S1»00 

GEOMETRY   FOR  TECHNICAL   STUDENTS. 

An  Introduction  to  Pure  and  Applied  Geometry  and  the  Mensuration 
of  Surfaces  and  Solids,  including  Problems  in  Plane  Geometry  useful  in 
Drawing.     By  E.  H.  Spraoue,  A.M.Inst.C.E.     12mo,  cloth. . .       ,50 

PRACTICAL   GEOMETRY. 

For  the  Architect,  Engineer,  and  Mechanic.  GiWng  Rules  for  the  Delin- 
eation and  Aoplioation  of  various  Geometrical  Lines,  Figures,  and 
CurvM.     By  E.  W.  Tarn,  M.A..  Architect.     8vo,  cloth S3.50 

"No  book  with  the  same  objects  in  view  has  ever  been  published  in  which 
the  clearness  of  the  rules  laid  down  and  the  illustrative  diagrams  have  beon 
so  satisfactory." — Scotsman. 

THE   GEOMETRY   OF   COMPASSES. 

Or,  Problems  Resolved  by  the  mere  De«?cription  of  Circles  and  the  Use 
of  Coloured  Diaiirrams  and  Symbols.  By  Oliver  Byrne.  Coloured 
Plates.     12mo,  cloth $1.50 

MENSURATION    AND    MEASURING. 

With  the  Mensuration  and  Levelling  of  Land  for  the  purposes  of  Modem 
Engineering.     By  T.  Baker,  C.E.     New  Edition  by  E.  Nugent,  C.E. 

12mo,  cloth ,60  , 

I 

HANDY  BOOK  FOR  THE  CALCULATION  OF  STRAINS 

In  Girders  and  Similar  Structures  and  their  Strength.  Consisting  of 
FormulsB  and  Corresponding  Diagrams,  with  numerous  details  for  Prac- 
tical Application,  &c.  By  William  IIumber,  A.M.Inst.C.E.,  &c.  Sixth 
Edition.     12mo,  with  nearly  100  Woodcuts  and  3  Plates,  cloth.  %2m50 

THE   STRAINS   ON   STRUCTURES   OF   IRONWORK. 

With  Practical  Remarks  on  Iron  Construction.  By  F.  W.  Shielim, 
M.Inst.C.E.    8vo,  cloth S2.00 

CONSTRUCTIONAL   IRON   AND   STEEL  WORK, 

As  aoplied  to  Public.  Private,  and  Domestic  Buildings.  By  Francis 
Caicpin,  C.E.     12mo,  cloth 31.40 


i8       CROSBY  LOCKWOOD  6*  SOX'S  CATALOGUE, 
MATERIALS  AND  CONSTRUCTION. 

A  T.ieoreticaJ  and  Practical  Treatise  on  the  Siiains,  Deaicninc.  and 
Ere  :Uoa  oi  y^  orks  of  Construction.  By  Frascib  Campin.  CI:!.  Third 
ElitiiO.      12mo.  cloth   Sl*t20 

*'So  better  ex|XNHtion  of  the  practical  application  of  the  prinoiplea  d 
eonrtructioQ  baa  yet  been  pabliabed  to  our  knowledge  in  such  a  cheap 
ccmpr^henaive  form." — Building  Neum, 

EXPERIMENTS  ON   THE   FLEXURE   OF  BEAMS. 

Kesultinc  in  the  Diacovery  of  New  Laws  of  Failure  by  BucUinc.  Bjr 
Albisbt  E.  Gar.     Medium  8vo,  doth Nel  }$\J^ 

TRUSSES  OF   WOOD   AND   IRON. 

Practical  Applications  of  Science  in  Determining  the  Streeees,  Breakiiue 
WeiStitA,  Safe  Loads,  Scantlings,  and  Details  of  Construction.  With 
Complete  Working  Drawings.  By  W.  GRiFrrrHa,  Surveyor.  Oblong, 
8vo,  cloth. $l«8a 

"This  handy  little  book  enters  so  minutely  Into  ev«ry  detail  oonneotad 
with  the  construction  of  roof  trusses  that  no  student  need  be  ignorant  of 
these  matters." — Practical  Enffmeer. 

CONSTRUCTION  OF  ROOFS,  OF  WOOD  AND  IRON: 

Deduced  chiefly  from  the  Works  of  Robison,  Tredgold,  and  Humber. 
By  E.  W.  Tahn,  H.A.,  Architect.   Fourth  Edition.   12mo,  cloth.       j^ 

"Mr.  Tarn  is  so  thoroughly  master  of  his  subject,  that  although  the  trea- 
tise was  founded  on  the  works  of  others  he  has  given  it  a  distinct  val\ie  of 
his  own.    It  will  be  found  valuable  by  all  students." — Builder, 

A  TREATISE   ON  THE   STRENGTH  OF  MATERIALS. 

With  Rules  for  Application  in  Architecture,  the  Construction  of  Sus- 
pension Bridges.  Kailways,  Ac.  By  Peter  BarltOW,  F.R.S.  A  new 
Edition,  revimd  by  his  Sons,  P.  W.  Barlow,  F.R.S.,  and  W.  H.  Barlow. 
F.R.8.;  to  which  are  added,  Elxperiments  by  Hodokinbon,  Fairbairn, 
and  Kirkaldt  ;  and  Formule  for  calculating  Girders,  4cc.  Edited  by 
Wm.  Humber,  A.M.Inst.C.E.  8vo,  400  pp.,  with  19  Plates  and  numer- 
ous Woodcuts,  cloth S7«00 

"Valuable  alike  to  the  student,  tsrro,  and  the  experienced  practiiioDer,  it 
will  always  rank  in  future  as  it  has  hitherto  done,  as  the  standard  treatise 
on  that  particular  subject." — Engineer. 

EXPANSION   OF   STRUCTURES   BY   HEAT. 

By  John  Kbilt,  C.E.,  late  of  the  Indian  Public  Works  Department. 
12mo,  cloth S1.50 

"The  aim  the  author  has  tet  before  him,  vis.,  to  show  the  effects  of  heat 
upon  metallic  and  other  structures,  is  a  laudable  one.  for  this  is  a  branch  of 
physicfi  upon  which  the  engineer  or  architect  can  find  but  little  reliable  and 
comprehensive  data  in  books." — Builder. 

CIVIL    ENQINEERINQ. 

By  Hrnrt  Law,  M.Inst.C.E.     Including  a  Treatise  on  Hydraulic  Kn- 
gineerinic  by  G.  R.  Burkbll,  M.Inst.C.E.     Seventh  Edition,  revised, 
with  Large  Additions  on  Recent    Practice  by  D.  Kinnbar   Clark 
M.lnst.CE.     12mo,  cloth S2.60 

QAS  WORKS, 

Their  Construction  and  Arransemeni,  and  the  Manufacture  and  Distri- 
bution of  Cool  Gas.  By  S.  Huohes,  C.E.  Ninth  Edition.  Revised, 
with  Notire.Hof  Recent  Improvements  by  Hbnrt  O'Connor,  A.M.Inst. 
O.K.     12mo.  cloth $2.40 

*'Of  infinite  service  alike  to  manufacturers,  distributors,  and  consumers.** 
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PNEUMATICS, 

Includins  Aooustics  and  the  Phenomens  of  Wind  Currents,  for  the  uae 
of  BeginnerB.    By  Charl.es  Tomunbon,  F.R.S.     12mo»  cloth.       ,Q0 

FOUNDATIONS   AND   CONCRETE   WORKS. 

With  Practical  Remarks  on  Footings,  Planking,  Sand.  Concrete,  B^ton, 
Pile-driving,  Caissons,  and  Cofferdams.   By  E.  Dobsgn.    12mo.       ,QQ 

BLASTING   AND   QUARRYING   OF   STONE, 

For  Building  and  other  Purposes.  With  Remarks  on  the  Blowing  up  of 
Bridges.     By  Gen.  Sir  J.  Bubootnb,  K.C.B.     12mo,  cloth .QQ 

SAFE   RAILWAY   WORKING. 

A  Treatise  on  Railway  Accidents,  their  Cause  and  Prevention ;  with  a 
Description  of  Modem   Appliances  and  Systems.     By  Cutumnr  E. 

Strbtton,  C.E.     Third  Edition,  Enlarged.     12mo,  cloth Sl«50 

"A  book  for  the  en^neer,  the  directors,  the  managers;  and,  in  short,  all 

who  wish  for  information  on  railway  matters  will  find  a  perfect  enoyolopaBdia 

lA  'Safe  Railway  Working.' " — Bautoay  Beoiew. 


MARINE  ENGINEERING,  SHIPBUILDING, 
NAVIGATION,  ETC. 


MARINE    ENGINES   AND   BOILERS. 

Their  Design  and  Construction.  A  Handbook  for  the  Use  of  Students, 
Engineers,  and  Naval  Constructors.  Based  on  the  Work  "Berechnung 
und  Konstruktion  der  Schiffsmaschinen  und  Kessel,"  by  Dr.  G.  Baukr. 
Engineer-in-Chief  of  the  Vulcan  Shipbuilding  Yard,  Stettin.  Translated 
from  the  Second  German  Edition  by  E.  M.  Donkin,  and  S.  Brtan 
DoNRiN,  A.M.I.C.E.  Edited  by  Lbsuk  S.  Robbrtson,  Secretary  to 
the  iWneering  Standards  Committee.  M.I.C.E..  M.I.M.E.,  M.I.N.A., 
Ac.     With  numarous  Illustrations  and  Tables.     Thick  8vo,  cloth, 

[Jual  Puhluhed,    S9.00 

SxTMMAJiT  or  OownENTB:— PART  I.— MAIN  ENGINES.— Dbtbrmina- 

noN  OF  Cylinder  Dimknbions. — The  Utilisation  or  Steam  in  thb  En^ 

OINB. — StROKB  of  PlRTON. — NUMBBR  OF  RbYOLUTIONS. — TURNING  MOM BNT. 

— Balancing  of  the  Moving  Parts. — Arrangbiient  of  Main  Engines. — 
Detaius  of  Main  Engines. — The  Ctlindbr. — Valves. — Various  Kinds 
or  Valve  Gear. — Piston  Rods. — Pistons. — Connecting  Rod  and  Cross- 
bead. — Valve  Gear  Rods. — Bed  Plates. — Engine  Columns. — Rbvbrs- 
iNG  and  Turning  Gear.  PART  II. — PUMPS. — Air,  Circulating  Feed. 
AND  Auxiliary  Pumps.  PART  III.— SHAFTING.  RESISTANCE  OF 
SHIPS,  PROPELLERS. — Thrust  Shaft  and  Thrust  Block. — Tunnel- 
Shafts  AND  Plummer  Blocks. — Shait  Couplings. — Stern  Tube. — The 
Screw  Propeller. — Construchon  of  the  Screw.  PART  IV. — PIPES 
AND  CONNECTIONS. — General  Remarks,  Flanges,  Valves,  Ac. — 
Under  Water  Ffttings. — Main  Steam,  Auxiliary  Steam,  and  Exhaust 
Piping. — Feed  Water,  Bilge,  Ballast  and  Circulating  Pipes.  PART 
V. — STEAM  BOILERS. — Firing  and  the  Generation  of  Steam. — 
Cylindrical  Boilers. — Locomotive  Boilers. — Water-tube  Boilers. — 
Small  Tube  Water-Tube  Boilers. — Smoke  Box. — Funnel  and  Boiler 
Lagging.  —  Forced  Draught.  —  Boiler  FrmNos  and  Mountings. 
PART  VI.— MEASURING  INSTRUMENTS.  PART  VII.— VARIOUS 
DETAILS. — ^Bolts,  Nuts,  Screw  Threads.  &c. — Platforms,  Gratings. 
Ladders. — Foundations. — Seatings. — Lubrication.  —  Ventilation  of 
Engine  Rooms.— Rules  for  Spare  Gear.  PART  VIII.— ADDITIONAL 
TABLES. 
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THE     NAVAL    ARCHITECT'S    AND     SHIPBUILDER'S 
POCKET-BOOK 

Of  Formula,  Rules,  and  Tables,  and  Marine  Engineer's  and  Surveyor's 
Handy  Book  of  Reference.  By  Clement  Mackrow,  M.I.N.A.  Ktighth 
Edition,  carefully  Re\iaed  and  Enlarged.      Fcap,  leather. .  Net  ^5.00 

BuMMART  or  Contents: — Sioss  and  Stvbols.  Decxmai^  Fr-\ctiov8. — 
Tkiookometrt. — Practical  Geometry. — Menscratiox. — Centres    and 

MOMBMTB  OF  FIGURES. — MOMENTS  OF  InERTIA  AND  RADn  GtRATION Al- 

oebraical  Expressions  for  Simpson's  Rul£s. — Mechanical.  Principles. 
— Centre  of  Gravitt. — L.aws  of  Motion. — Displacement,  Centre  of 
BuoTANCT.— Centre  of  Gravitt  of  Ships'  Hull. — Stabiutt  Ci-rves  and 
Metacentres. — Sea  and  Shallow- water  Waves. — Rolling  of  Ships. — 
Propulsion  and  Resistance  of  Vessels. — Speed  Trials. — Saiung,  Cen- 
tre OF  Effort. — Distances  down  Rivers,  Coast  Lines. — Steering  and 
Rudders   of   Vessels. — Launching   Calculations   and    Velocities. — 
Weight  of    Material  and  Gear. — Gun  Particulajis  and  Weight. — 
Standard    Gauges. — Riveted   Joints   and    Riveting. — Strength    and 
Trngm  of  Materials. — Binding  and  Shearing  Stresses. — Strength  of 
Shaptino,  Pillars,  Wheels,  Ac. — Hydraulic  Data,  Jkc— Conic    Sec- 
tions, Catenarian  Curvf:». — Mechanical  Powers,  Work. — Board  of 
Trade  Regulations  for  Boilers  and  Engines. — Board  of  Trade  Reg- 
ulations for  Ships. — Lloyd's  Rules  for  Boilers. — Lloyd's  Weight  op 
Chains. — Lloyd's  Scantlings  for  Ships. — Data  of  Engines  and  Ves- 
ABLS. — Ships'  Fittpings  and  Tests. — StASONiNO  Preserving  Timber. — 
Measurement  of  Timber. — Alloys,  Paints,  Varnishes. — Data  for  Stow- 
age.— Admiralty  Transport  Regulations. — Ruli^s  for  Horse-power, 
Screw  Propellers,  ice. — Percentages  for  Butt  Straps. — P.vrticulabs 
OF  Yachts. — Masting  and  Rigging. — Distancks  of  Foreign  Ports. — 
Tonnage  Tables.— Vocabulary  of  French  and  F.ngush  Terms. — English 
Weights  and  Measures. — Foregn  Weights  and  Me.vsures. — Decimal 
Equivalents. — Useful  Numbers. — Ciro'lar  Measures. — Areas  of  and 
Circumferences  of  Circles. — Areas  of  SEtjMEXTH  of  Circles. — T.vbles 
OF  Squares  and  Cubes  and  Roots  of  Numbeiw. — Tables  of  Logarithms 
OF  Numbers. — Tables  of  Hyberpolic  Logarithms. — Tables  of  Natural 
Sinks,  Tangents. — Tables  of  Logarithmic  Sines,  Tangents,  &c. 

WANNAN'S   MARINE   ENGINEER'S   GUIDE 

To  Board  of  Trade  Examinations  for  Certificates  of  Competencv.  Con- 
taining all  Latest  Questions  to  Date,  with  Simple,  Clear,  and  Correct 
Solutions;  302  EHementary  Questions  with  Illustrated  Answers,  and 
Verbal  Questions  and  Answers ;  complete  Set  of  Drawinfl»  with  State- 
ments completed.  By  A.  C.  Wannan,  C.E.,  Consulting  Engineer,  and 
E.  W.  L  Wannan,  M.LM.E.,  Certificated  First  Class  Marine  Engineer. 
With  numerous  Engravings.  Fourth  Edition,  Enlarged.  500  pages. 
•  Svo,  cloth S4.00 

WANNAN'S  MARINE   ENGINEER'S   POCKET-BOOK. 

Containing  Latest  Board  of  Trade  Rules  and  Data  for  Marine  Engineers. 
By  A.  C.  Wannan.  Third  Edition,  Revised,  Enlarged,  wid  Brought  U9 
to  Date.     Square  18mo,  with  thumb  Index,  leather SS.OO 

MARINE   ENGINES  AND   STEAM   VESSELS. 

By  R.  MunRAY,  C.E.  Eighth  Edition,  thoroughly  Revised,  with  Addi- 
tions by  the  Author  and  by  George  Carlisle,  C.E.    12mo,  cloth.  ^l.^Q 

ELEMENTARY   MARINE   ENGINEERING. 

A  Manual  for  Young  Marine  Engineers  and  Apprentices.  By  J.  8. 
Brewer.     12mo,  cloth .60 

CHAIN   CABLES  AND  CHAINS. 

Comprising  Sizes  and  Curves  of  Links,  Studs,  Ac,  Iron  for  Cables  and 
Chains,  Chain  Cable  and  Chain  Making,  Forming  and  Welding  Links, 
Strength  of  Cables  and  Chains,  Certificates  for  Cables,  Marking  Cablee, 
Prices  of  Chain  Cables  and  Chains,  Historical  Notes,  Acts  of  Parlia- 
ment,  Statutory  Tests,  Charges  for  Testing,  List  of  Manufacturers  -if 
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Cables,  Ac,  &c.  By  Thomas  W.  Traill,  F.E.R.N.,  M.Inst.C.E.,  Eb- 
gincer-Surveyor-in-Chief.  Board  of  Trade,  Inspector  of  Chain  Cable  and. 
Anchor  Provins  Establishments,  and  General  Superintendent,  Lloyd's 
Committee  on  Proving  Establishments.  With  numerous  Tables,  lUuB- 
trations,  and  Lithographic  Drawings.     Folio,  cloth ^15.00 

THE   SHIPBUILDING    INDUSTRY   OF   GERMANY. 

Compiled  and  Edited  by  G.  Lehmann-Fblskowski.  With  Coloured 
Prints,  Art  Supplements,  and  numerous  Illustrations  throughout  th» 
text.     Super-royal  4to,  cloth 84,!!SO 

SHIPS   AND   BOATS. 

By  W^.  Bland.  With  numerous  Illustrations  and  Models.  Tenth  Edi* 
tion.     12mo,  cloth ,g(^ 

SHIPS   FOR   OCEAN   AND   RIVER   SERVICE, 

Principles  of  the  Construction  of.     By  H.  A.  Sommerfeldt.     12mo. 

AN    ATLAS   OF   ENGRAVINGS 

To  illustrate  the  above.     Twelve  large  folding  Plates.     Rosral  4t^ 

cloth 9i3.oa 

naval'  ARCHITECTURE. 

An  Kxposition  of  the  Elementary  Principles.  By  J.  Peake.  12mau 
cloth 81.40 

THE   ART   AND   SCIENCE   OF   SAILMAKING. 

By  Samuel  B.  Sadler,  Practical  SaiLmaker,  late  in  the  employment  of 
Messrs.  liatsey  and  Lapthome,  of  Cowes  and  Gosport.  Plates.  4to» 
cloth 85.00 

"Tnis  extremely  prastical  work  gives  a  complete  education  in  all  th» 
branches  of  the  manufacture,  cutting  out,  roping,  seaming,  and  goring.  It 
s  copiously  illustrated,  and  forms  a  first-rate  text-book  and  guide." 

SAILS   AND    SAIL-MAKING. 

With  Draughting,  and  the  Centre  of  Effort  of  the  Sails.  Weights  and 
Sizes  of  Ropes;  Masting,  Rigging,  and  Sails  of  Steam  Vessels,  &c.  By 
R.  Kipping,  N.A.     12mo,  cloth Sl.OO 

MASTING.  MAST-MAKING.  AND  RIGGING  OF  SHIPS. 

Also  Tables  of  Spars,  Rigging,  Blocks;  Chain,  Wire,  and  Hemp  Ropes,, 
dec,  relative  to  every  class  of  vessels.     By  R.  Kippino.     12mo,  cloth, 

SEA   TERMS,    PHRASES,   AND  WORDS 

(Technical  Dictionary  of)  used  in  the  English  and  French  Lan^ages 
(English-French,  French-English).     For  the  Use  of  Seamen,  Engineers, 
Pilot.s,  Shipbuilders,  Shipowners,  and  Ship-brokers.     Compiled  by  W. 
PiRRiE,  late  of  the  African  Steamship  Company.     Fcap,  8vo,  doth 

liniP 82.00 

This  volume  will  be  highly  apnreciated  by  seamen,  engineers,  pilots,  ship- 
builders and  shipowners.  It  will  be  found  wonderfully  accurate  and  com- 
plete. 

SAILOR'S   SEA   BOOK: 

A  Rudimentary  Treatise  on  Navigation.  By  James  Greenwood,  B.A> 
With  numerous  Woodcuts  and  Coloured  Plates.  New  and  Enlarged 
Edition.     By  W.  H.  Robser.     12mo,  cloth Sl.OO 

Is  perhaps  the  best  and  simplest  epitome  of  navigation  ever  compiled. 

PRACTICAL   NAVIGATION. 

Consisting  of  the  Sailor's  Sea  Book,  by  J.  Greenwood  and  W.  H.  Rosser; 
together  with  Mathematical  and  Nautical  Tables  for  the  Working  of  tho 
Problems,  by  H.  Law,  C.E.,  and  Prof.  J.  R.  Younq ^  ^.8i> 
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22        CROSBY  LOCKWOOD  &•  SON'S  CATALOGUE. 
NAVIGATION   AND   NAUTICAL  ASTRONOMY, 

In  Theory  and  Practice.     By  Prof.  J.  R.  Young.     12mo,  cloth.^l.OQ 
*' A  very  complete,  thorough,  and  useful  manual  for  the  young  navigator." 

MATHEMATICAL  TABLES, 

For  Trigonometrical,  Astronomical,  and  Nautical  Calculations;  to 
which  is  prefixed  a  Treatise  on  Logarithms,  by  H.  Law,  C'.L.  With 
Tables  for  Na\'igation  and  Nautical  Astronomy.  By  Prof.  J.  R.  Young. 
12mo,  cloth q^l.lH) 


MINING,  METALLURGY,  AND 
COLLIERY  WORKING. 


THE   OIL   FIELDS   OF    RUSSIA   AND   THE    RUSSIAN 

PETROLEUM  INDUSTRY. 

A  Practical  Handbook  on  the  Exploration,  Exploitation,  and  Manage* 
ment  of  Ra^u^ian  Oil  Properties,  including  Notes  on  the  Origin  of  Petro- 
leum in  Russia,  a  Description  of  the  Tiieory  and  Practice  of  T^iquid 
Fuel,  and  a  Tran.ilation  of  the  Rules  and  Regulations  concerning  Rus- 
sian Oil  ProFwrtieH.  By  A.  Bkeby  Thompson,  A.M.I.M.E.,  late  Chief 
Engineer  and  Manager  of  the  Euroi)ean  Petroleum  Company 'it  Rui^sian 
Oil  Properties.  About  500  pp.  With  numerous  Illustration.v  and 
Photographic  Plates,  and  a  Map  of  the  Balakhany-Saboontchy-Romanv 
OU  Field.     Royal  8vo,  cloth Net  ^  ^  ,50 

MECHANICS   OF   AIR   MACHINERY. 

By  Dr.  J.  Weisbach  and  Prof.  G.  Hebrm akn.  Authorised  Translation 
with  an  Appendix  on  American  Practice  by  A.  Trowbridge,  PL.B., 
Adjunct  Professor  of  Mechanical  Engineering.  Columbia  University. 
Royal  8vo,  cloth [Juat  Published.     Net  ^13.75 

Summary  of  Contents; — The  Movement  of'  Air. — Natural,  and  Arti- 
ficial Ventilation. — B  lowing- E  no  ikes; — Vacuum  Pumps;  Tuyeres; 
Hot-air   Blast;    Work   Performed   by  Blowers;    Bl.\8t-re8ervoiR8; 

PiBTON- blowers. COMPBESBORS. — ROTART       BlOWERB. — FaNB- —  ReCENT 

American  Practice,  dec 

MACHINERY   FOR   METALLIFEROUS   MINES. 

A  Practical  Treatise  for  Mining  Engineers,  Metallurgists,  and  Managers 
of  Mines.  By  E.  Henry  Davikb,  M.E.,  F.CJ.S.  600  pp.  With  Fold- 
ing Platea  and  other  Illustrations.     Medium  8vo,  cloth 9O.U0 

"Deals  exhaustively  with  the  many  and  complex  details  which  go  to 
make  up  the  sum  total  of  machinery  and  other  requirements  for  the  success- 
ful working  of  metalliferous  mines,  and  as  a  book  of  ready  reference  is  of 
the  highest  value  to  mine  managers  and  directors." — Mining  Journal. 

THE  DEEP  LEVEL  MINES  OF  THE  RAND, 

And  their  Future  Development,  considered  from  the  Commercial  Point 
of  View.  By  G.  A.  Denny  (of  Johannesburg),  M.N.E.I.M.E.,  Con- 
sulting Engineer  to  the  General  Mining  and  Finance  Corporation,  Ltd., 
of  London,  Berlin,  Paris,  and  Johannesburg.     Fully  Illustrated  with 

Diagrams  and  Folding  Plates.     Royal  8vo,  buckram ^xO.OO 

"Mr.  Denny  by  confining  himself  to  the  con.Midecation  of  the  future  of  (he 
deep- level  mine-?  of  the  Rand  breaks  new  ground,  and  by  rlealing  with  the 
subject  rather  from  a  commercial  standpoint  than  from  a  scientific  one, 
appeals  to  a  wide  circle  of  readers.  The  book  cannot  fail  to  prove  of  very 
great  value  to  investors  in  i3outh  African  mines." — Mining  Journal. 
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PROSPECTING   FOR  GOLD. 

A  Handbook  of  Practical  Information  and  Hints  for  Prospectors  based 
on  Personal  Experience.  By  Danibl  J.  Rankin,  F.R.S.G.S.,  M.R.A.S., 
formerly  Manner  of  the  Central  African  Company,  and  Leader  of 
African  Gold  Prospecting  Expeditions.  With  Illustrations  specially 
Drawn  and  Engraved  for  the  Work.     Fcap.  8vo,  leather 98*00 

"  This  well-compiled  book  contains  a  coUection  of  the  richest  gems  of  use- 
ful knowledge  for  the  prospector's  benefit.  A  special  table  is  given  to 
accelerate  tbe  spotting  at  a  glance  of  minerals  associated  with  gold." — Min- 
ing Journal. 

THE   METALLURGY   OF   GOLD. 

A  Practical  Treatise  on  the  Metallurgical  Treatment  of  Gold-bearing 
Ores.     Including  the  Assaying,  Melting,  and  Refining  of  Gold.     By  M. 
EissLER,  M.Inst.M.M.     Fifth  Edition,  Enlarged.     With  over  300  Illus- 
trations and  numerous  Folding  Plates.     Medium  8vo,  cloth.  .  .97,50 
*'This  book  thoroughly  deserves  its  title  of  a  'Practical  Treatise.'     The 
whole  process  of  gold  mining,  from  the  breaking  of  the  quartz  to  the  assay 
of  the  Dullion,  is  described  m  clear  and  orderly  narrative  and  with  much 
fulness  of  detail." 

THE  CYANIDE  PROCESS  OF  GOLD  EXTRACTION, 

And  its  Practical  Application  on  the  Witwatersrand  Gold  Fields  and 
elsewhere.  By  M.  Eisslbr,  M.Inst.M.M.  With  Diagrams  and  Work- 
ing Drawings.     Third  Edition.  Revised  and  Enlarged.     8vo,  cloth, 

S3.00 

"This  book  is  just  what  was  needed  to  acquaint  mining  men  with  the 
actual  working  of  a  process  which  is  not  only  the  most  popular,  but  is,  as 
a  general  rule,  the  mo^t  successful  for  the  extraction  of  gold  from  tailings." 
— -Mining  Journal. 

DIAMOND  DRILLING  FOR  GOLD  &  OTHER  MINERALS. 

A  Practical  Handbook  on  the  Use  of  Modern  Diamond  Core  Drills  in 
ProaF>ecting  and  Exploiting  Mineral- Bearing  Properties,  including  Par- 
ticula'-s  of  the  Costs  of  Aoparatus  and  Working.  By  G.  A.  Denxy, 
M. N. E.Inst. M.E.,  M.Inst.M.M.  Medium  8vo,  168  pp.,  with  Illustra- 
tive Diagrams 85.00 

' '  There  is  certainly  scopo  for  a  work  on  diamond  drilling,  and  Mr.  Denny 
deserve-?  grateful  recognition  for  supplying  a  decided  want." — Mining 
Journal. 


GOLD    ASSAYING. 

A  Practical  Handbook,  giving  the  Modu9  Operandi  for  the  Accurate 
Assay  of  Auriferous  Ores  and  Bullion,  and  the  Chemical  Testa  reqmred 
in  the  Processes  of  Extraction  by  Amalgamation,  Cyanidation,  and 
Chlorination.  With  an  Appendix  of  Tables  and  Statistics.  By  H. 
Joshua  Phillips,  F.I.C,  F.C.S.,  Assoc  Inst.C.E.,  Author  of  "Engineer- 
ing Chemistry,"  «Src.  With  numerous  Illustrations.    12mo,  cloth .  $3,00 

FIELD   TESTING    FOR   GOLD   AND   SILVER. 

A  Practical  Manual  for  Prospectors  and  Miners.  By  W.  H.  Merritt, 
M. N.E.Inst. M.E..  A.R.S.M..  &c.     With  Photographic  Plates  and  other 

Illustrations.     Fcap.  8vo,  leather ftl,.50 

'As  an  instructor  of  prospectors'  cla<i.«ies  Mr.  Merritt  has  the  advantage  of 
knowing  exaitlv  the  information  likMv  to  be  most  valuable  to  the  miner 
in  the  field.  The  contents  cover  all  the  details  for  sampling  and  testing 
Rold  and  silver  ores.  A  useful  addition  to  a  prospector's  kit." —  Mining 
Journal. 
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THE    PROSPECTOR'S   HANDBOOK. 

A  Guide  for  the  Prospector  and  Traveller  in  search  of  Metal-Bearing  or 
other  Valuable  Minerals.  By  J.  W.  Andeubon,  M.A.(Cainb.)>  F.R.G.S. 
Tenth  Edition.     12mo,  cloth ^l  ,50 

"How  to  find  commeroial  minerals,  and  how  to  identify  them  when  they 
are  found,  are  the  leading  points  to  which  attention  is  directed." — Mining 
Journal. 

THE   METALLURGY   OF   SILVER. 

A  Practical  Treatise  on  the  Amalgamation,  Roasting,  and  Lixiviation 
of  Silver  Ores.  Including  the  Aswaving,  Melting,  and  Refining  of  Hilver 
Bullion.     By  M.  Kibbler,  M.Iust.M.M.     Fifth  Edition.     12mo,  cloth. 

S4.00 

"A  practical  treatise  and  a  technical  work  which  we  are  convinced  will 
supply  a  long-felt  want  amongst  practical  men,  and  at  the  same  time  be  of 
value  to  students  and  others  indirectly  connected  with  the  industries." — 
Mining  Journal. 

THE    HYDRO-METALLURGY   OF  COPPER. 

Being  an  Account  of  Proces!«e8  Adopted  in  the  Hydro-Metallurgical 
Treatment  of  Cupriferous  Ores,  Including  the  Manulacture  of  Copper 
Vitriol,  with  Chapters  on  the  Sources  of  Supply  of  Copoer  and  the 
Roasting  of  Copper  Ores.     By  M.  Eibsler,  M.Inst.M.M.     8vo,  cloth, 

1(4.50 

**In  this  volume  the  various  processes  for  the  extraction  of  copper  by  wet 
methods  are  fully  detailed.  Co»ti^  are  given  when  available,  and  a  great 
deal  of  useful  information  about  the  copper  industry  of  the  world  is  pre- 
sented in  an  interesting  and  attractive  manner." — ^fining  Journal. 

THE   METALLURGY   OF   ARGENTIFEROUS   LEAD. 

A  Practical  Treatise  on  the  Smelting  of  Silver- Lead  Ores  and  the  Refin- 
ing of  Lead  Bullion.  Including  Reports  on  various  Smelting  Estab- 
lishments and  Descriptions  of  Modem  Smelting  Furnaces  and  Plants 
in  Europe  and  America.     By  M.  Eibsler,  M.Inst.M.M.     12mo,  cloth 

S5.00 

•'The  numerous  metallurgical  processes,  which  are  fully  and  extensively 
treated  of,  embrace  all  the  stages  exi>enenced  in  the  pasfiage  of  the  lead 
from  the  various  natural  states  to  its  issue  from  the  refinery  as  an  article 
of  commerce." — Practical  Engineer. 

METALLIFEROUS   MINERALS   AND   MINING. 

By  D.  C.  Davtkb,  F.G.S.  Sixth  Edition,  thoroughly  Re\'i9ed  and  much 
Enlarged  by  his  Son,  E.  Hbnrt  D.wieb,  M.E.,  F.G.S.  600  pp.,  with 
173  Illustrations.     8vo,  cloth Net  I^.OQ 

"Neither  the  practical  miner  nor  the  general  reader,  interested  in  mines, 
can  have  a  better  book  for  his  companion  and  his  guide." — Afining  Journal. 

EARTHY  AND  OTHER  MINERALS  AND  MINING. 

By  D.  C.  Davieb.  F.G.S..  Author  of  "Metalliferous  Minerals,"  Ac. 
Third  E<iition,  Revised  and  Enlarged  by  his  Son,  E.  Henrt  Davikb, 
M.E.,  F.G.S.     With  about  100  Illustrations.     12mo,  cloth $5.00 

BRITISH    MINING. 

A  Treatise  on  the  History.  Discovery,  Practical  Development,  and 
Future  Prospects  of  Metalliferous  Mines  in  the  United  Kingdom.  By 
Robert  Htnt,  F.R.S.,  late  Keeper  of  Mining  Records.  Upwards  of 
950  pp. ,  with  230  lUustrations.  Second  Edition,  Revised.  Super-royal 
8vo.  cloth. S15.00 

POCKET-BOOK  FOR  MINERS  AND  METALLURGISTS. 

Comprising  Rules,  Formulap,  Tables,  and  Notes  for  Use  in  Field  and 
Office  Work.  By  F.  Danvers  Power,  F.G.S.,  M.E.  Second  Edition. 
Corrected.     Fcap.  8vo,  leather ^3  qq 
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THE   MINER'S   HANDBOOK. 

A  Handy  Book  of  Reference  on  the  subjects  of  Mineral  Depoeits,  Mining 
Operations,  Ore  Dressing,  &c.  For  the  Use  of  Students  and  others  in- 
terested in  Mining  Matters.  Compiled  by  John  MiLire,  F.R.S.,  Pro- 
fessor of  Mining  in  the  Imperial  University  of  Japan.  Third  Edition. 
Fcap.  8vo,  leatner 83*00 

IRON   ORES  of  GREAT   BRITAIN   and    IRELAND, 

Their  Mode  of  Occurrence,  Age  and  Ori^n,  and  the  Methods  of  Searching 
for  and  Working  Them.  With  a  Notice  of  some  of  the  Iron  Ores  ox 
Spain.     By  J.  D.  Kedtdall,  F.G.S.,  Mining  Engineer.     Ittmot  cloth 

S6.00 

METALLURGY   OF   IRON. 

Containing  History  of  Iron  Manufacture,  Methods  of  Assay,  and  Analy- 
ses of  Iron  Ores,  Processe-s  of  Manufacture  of  Iron  and  Steel,  ^c.  By 
H.  BAnsRMAN,  F.G.S.,  A.R.S.M.  With  numerous  lUustrations.  Sixth 
Edition,  revised  and  enlarged.     12mo,  cloth S2.00 

"Carefully  written,  it  has  the  merit  of  brevity  and  conciseness,  as  to  leas 
important  points;  while  all  material  matters  are  very  fully  and  thoroughly 
entered  into." — Standard. 

MINE   DRAINAGE. 

A  Complete  Practical  Treatise  on  Direct- Acting  Underground  Steam 
Pumping  Machinery.  By  Stbphbn  Micheljj.  Second  Eklition,  Re- 
written  and  Enlarged.     With  250  Illustrations.     Royal  8vo,  cloth. 

SIO.OO 

HORIZONTAL  PUMPING  ENGINES.— Rotary  and  Non-Rotart 
Horizontal  Engines. — Simple  and  Compound  Stbam  Pumps. — VERTI- 
CAL PUMPING  ENGINES.— Rotary  and  Non-Rotary  Vertical 
Engines. — Simple  and  Compound  Steam  Pumps. — Triple-Expansion 
Steam  Pumps. — PuiaATiNO  Steam  Pumps. — Pump  Valves. — Sinking 
Pumps,  <&c.,  Ac. 

ELECTRICITY   AS   APPLIED   TO   MINING. 

By  Arnold  Lupton,  M.Inst.C.E.,  M.I.M.E.,  M.I.E.E.,  late  Professor  of 
Coal  Mining  at  the  Yorkshire  College,  Victoria  University,  Mining  En- 

S'neer  and  Colliery  Manager;  G.  D.  Aspinall  Parr,  M.I.E.E.,  A.M.I. 
-E.,  .Associate  of  the  Central  Technical  CoUeiKc,  City  and  Guilds  of 
London,  Head  of  the  Electrical  Engineering  Department,  Yorkshire 
College.  Victoria  University;  and  Herbert  Perkin,  M.I.M.E.,  Certifi- 
cated Colliery  Manager,  Assistant  Lecturer  in  the  Mining  Department  of 
the  Yorkshire  College,  Victoria  University.  With  about  170  Illustra- 
tions.    Second  Edition,  Revised  and  Enlarged.     Medium  8vo,  cloth. 

iJuat  PuMUked.]     $4.50 
(For  Summary  of  Contents,  see  page  28.) 

THE  COLLIERY   MANAGER'S  HANDBOOK. 

A  Comprehensive  Treatise  on  the  Lajjring-out  and  Working  of  Collieries, 
Designed  as  a  Book  of  Reference  for  Colliery  Managers,  and  for  the 
Use  of  Coal-Minini^  Students  preparing  for  First-class  Certificates.  By 
Caleb  Pamely,  Mining  En^neer  and  Surveyor;  Member  of  the  North 
of  England  Institute  ofMinmg  and  Mechanical  Engineers;  and  Member 
of  the  South  Wales  Institute  of  Mining  Engineers.  With  over  1,000 
Diaipttms,  Plans,  and  other  Illustrations.  Fifth  Edition,  Carefully 
Revised  and  Greatly  Enlarged.  1,200  pp.   Medium  8vo,  doth.  ^IQ.OQ 

Gboloot. — Search  por  Coal. — ^Mineral  Leases  and  other  Holdinqs. — 
Shapt  Sinking. — Fitting  Up  the  Shapt  and  Surpace  Arrangem rnts. — 
Steam  Boilers  and  their  Fittings. — Timbering  and  Walling. — Narrow 
Work  and  Methods  op  Working. — Underground  Conveyance. — Drain- 
age.— The  Gases  met  with  in  Mines;  Ventilation. — On  the  Friction  op 
Air  in  Mines. — The  Prirstman  Oil  Engine;  Petroleum  and  Natural 
Gas. — Surveying  and  Planning. — Sapety  Lamps  and  Firedamp  Detect- 
ors.— Sundry  and  Incidental  Operations  and  Appliances. — Colliery 
Explosions.  —  Miscellaneous  Questions  and  Answers.  —  Appendix: 
Summary  of  Report  or  KM.  Commissioners  on  Accidents  in  Mines. 
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PRACTICAL  COAL-MINING. 

An  Elementary  Class-Book  for  the  Use  of  Students  attending  Claaaes  in 
Preparation  for  the  Board  of  Education  and  County  Council  Examina- 
tions, or  Qualifying  for  First  or  Second  Class  Colliery  Managers'  Cer- 
tificates. By.  T.  R.  CocKix.  Member  of  the  Institution  of  Mining 
Engineers,  Certificated  Colliery  Manager,  Lecturer  on  Coal-Mining  at 
Sheffield  University  College.  With  Map  of  the  British  Coal-fields  and 
over  200  Illustrations  specially  Drawn  and  Engraved  for  the  Work. 
440  pp.,  12mo,  oloth $2.50 

COLLIERY   WORKING   AND   MANAGEMENT. 

Comprising  the  Dutids  of  a  Colliery  Manager,  the  Oversight  and  Arrange- 
ment of  Labour  and  Wages,  and  the  different  Systems  of  Working  Coal 
Seams.  By  H.  F.  Bdlman  and  R.  A.  S.  Redmaynb.  350  pp..  with 
28  Plates  and  other  Illustrations,  including  Underground  Photographs. 
Medium  8vo,  cloth ifet  96.00 

NOTES  AND   FORMULAE   FOR  MINING   STUDENTS. 

By  John  Hkrman  Mrrivale.  M.A.,  Lat«  Professor  of  Mining  in  the 
Durham  College  of  Science,  Kewcastle-upon-Tyne.  Fourth  Edition, 
Re>'ised  and  Enlarged.  By  H.  F.  Bulmak,  A.M.In8t.C.E.  12mo, 
<^loth 81,00 

**The  author  has  done  his  work  in  a  creditable  manner,  and  has  produced 
a  book  that  will  be  of  sen'ice  to  students  and  those  who  are  practically 
•ngaged  in  mining  operations." — Engineer. 

PHYSICS   AND   CHEMISTRY   OF   MINING. 

An  Elementary  Class-Book  for  the  use  of  Students  preparin||p  for  the 
Board  of  Education  and  County  Council  EjcaminatiouB  in  Mming,  or 
Qualifying  for  Colliery  Managers'  Certificates.  By  T.  H.  Btbom, 
Chemist  to  the  Wigan  Coal  and  Iron  Co.,  Ltd.,  &e.  With  Illustrations. 
12mo,  cloth [Juet  Publiehed.]    S1.5Q 

MINING   CALCULATIONS. 

For  the  use  of  Students  Preparing  for  the  Examinations  for  Colliery 

,  Managers'  Oprtificates.  comprising  Numerous  Rules  and  Examples  in 

Arithmetic.  Algebra,  and  Mensuration.     By  T.  A.  O'DoNAHtTE,  M.E., 

First-class  Certificated  Colliery  Manager.     12mo,  cloth S1.50 

COAL   AND   COAL   MINING. 

By  the  late  Sir  Warixotox  W.  Smtth.  M..\..  F.R.S.  Eighth  Edition. 
Re\iwti  and  Extender!  by  T.  Forstkr  Brown.  Chief  Insi>ector  of  the 
Mines  of  the  Crown  and  oi  the  Duchy  oi  Cornwall.    12mo,  cloth .  ^\  ,4Q 

INFLAMMABLE   GAS  AND   VAPOUR    IN   THE   AIR 

(The  Detection  and  Measurement  of\  By  Frank  Clowes.  DJSc., 
Lond.,  F.I.C.  With  a  Chapter  on  The  Detection  and  MEAsrREJiEsr 
OF  PETROLErM  Yapour.  by  Boverton  Redwood,  F.R.S.E,     12mo, 

<'ioth S2.oO 

•*Pn>fesjHir  Clowe*  has  Rtven  u?  a  volume  on  a  subject  of  much  indu5>trial 
import ant'e.  .  .  Thos«»  imen^teti  in  these  maiters  may  be  recommended 
to  study  thijft  b<^>k.  which  is  ea^y  of  comprehensiv>n  and  contains  many  good 
things." — The  £'fitfiH<yr. 

COAL  &  IRON  INDUSTRIES  of  the  UNITED  KINGDOM. 

Comprising  a  IVjvription  of  the  Ci^  Field*  an»i  of  the  Principal  Seams 
of  C^vil.  with  Ketums  v>f  their  Pr\Hluce  and  it*  Di-*: "^iiri-^".  aad  .\nal>-««es 
of  Si»ecial  Varieties.  .\1-*  >.  an  Avv»»unt  of  the  t  V>-o'Tcr -^  >»t  In«n  Ore 
in  Veins  or  ;?eam*;  Analy^ae"*  of  each  Vari<»*y:  an»i  a  H>'  'n^-  K^i  the 
Riw*  and  Prvigrvjs?  of  Pig  Irvm  Manufacture.  By  Rich  vki-  Mk  vit.  8vo, 
doth S10.00 


MINING,  METALLURGY,  ^  COLLIERY  WORKING.  47 
MINING   TOOLS, 

Manual  of.  By  W.  Morgans,  Lecturer  on  Mimng  at  the  Briatol  School 
of  Mines.     12mo,  doth Sl.OO 

Atlas  of  Engravings  to  the  above,  containing  235  Illustrations  drawn 
to  Scale.     4to S1.80 

SLATE   AND   SLATE  QtiARRYINO. 

Scientific.  Practical,  and  Commercial.  By  D.  C.  Daviss,  F.G.S.,  Min- 
ing Engineer,  &c.  With  numerous  Illustrations  and  Folding  Plates 
Fourth  Edition.     12mo,  cloth. Sl.SO 

A    FIRST   BOOK  OF  MINING   AND   QUARRYINQ. 

By  J.  H.  CoLUNB,  F.G.S.     Crown  8vo,  cloth jQQ 

ASBESTOS   AND   ASBESTIC. 

Their  Properties,  Occurrence,  and  Use.  By  Robert  H.  Jonxs,  F.S.A. 
Mineralogist.  Hon.  Mem.  Asbestos  Qub,  Black  Lake,  Canada.  With 
Ten  Collotype  Plates  and  other  Illustrations.     Demy  8vo,  cloth.  96*40 

GRANITES   AND   OUR   GRANITE   INDUSTRIES. 

By  Geo  ROE  F.  Harris,  F.Q.S.    With  Illustrations.    12mo,  cloth.  9]^  .QQ 

MINERAL   SURVEYOR   AND   VALUER'S  GUIDE. 

Comprising  a  Treatise  on  Improved  Mining  Surveying  and  the  Valuation 
of  Mming  Propertie*?,  with  New  Traverse  Tables.  By  W.  Lintern,  C.E. 
Fourth  Edition,  enlarged.     12mo,  cloth Sl«40 

"Contains  much  valuable  infonnation,  and  is  thoroughly  trustworthy."— 
Iron  and  Coal  Tradea  Review, 

TRAVERSE   TABLES. 

For  use  in  Mine  Surveying.  By  William  Lintern,  C.E.  With  two 
plates.     Small  crown  8vo,  cloth Nei  HI, 50 

SUBTERRANEOUS   SURVEYING. 

By  T.  Fenwick.  Also  the  Method  of  Conducting  Subterraneous  Sur- 
veys without  the  use  of  the  Magnetic  Needle,  Ac.     By  T.  Baker.    12mo, 

S1*00 
MINERALOGY, 

Rudiments  of.  By  A.  Ramsay,  F.G.S.  Fourth  Edition.  Woodcuts 
and  Plates.     12mo,  cloth S1.40 

PHYSICAL   GEOLOGY, 

Partly  based  on  Major-General  Portlock's  "Rudiments  of  Geology." 
By  Ralph  Tate,  A.L.S.,  Ac.    Woodcuts.     12mo,  cloth .gQ 

HISTORICAL   GEOLOGY, 

Partly  ba^ed  on  Major-General  Portlock's  "Rudiments."  By  Ralph 
Tate.     12mo,  cloth $1.00 

GEOLOGY, 

Phtsicat.  and  Hibtortcal.  Consisting  of  "Physical  Geology,"  which 
fle;s  forth  the  Leading  Principles  of  the  Science;  and  "Historical  Geol- 
ogy," which  treat.*)  of  the  Mineral  and  Organic  Conditions  of  the  Earth 
at  each  successive  epoch.     By  R.  Tate.     12mo,  doth. Sl«80 
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ELECTRICITY,  ELECTRICAL 
ENGINEERING,  ETC. 


THE   ELEMENTS   OF   ELECTRICAL   ENQINEERINQ. 

A  First  Year's  Course  for  Students.  By  Tyson  Skwell,  A.I.E.E., 
Assistant  Lecturer  and  Demonstrator  in  Electrical  Engineering  at  the 
Polytechnic,  Regent  Street,  London.  Third  Edition,  Revised  and  En- 
larged, including  an  Appendix  of  Questions  and  Answers.  460  pages, 
witn  274  Illustrations.     Demy  8vo,  cloth. . .  .[Jutt  Published.]     ^;i,ijO 

Ohm's  Law. — Units  Empi>oted  in  Electrical  Enoinebrino.— Series, 
AND  Parallel  Circuits;  Current  Density  and  Potential  Drop  in  the. 
Circuit. — The  Heating  Effect  of  the  Electric  Current. — The  Mag- 
netic Effect  of  an  Electric  Current. — The  Magnetisation  of  Iron. — 
Electro-Chemistry ;  Primary  Batteries. — Accumulators. — Indicat- 
ing Instruments;  Ammeters,  Voltmeters,  Ohmmeters. — Electricity 
Supply  Meters. — Measuring  Instruments,  and  the  Measurement  of 
Electrical  Resistance. — Measurement  of  Potential  Difference 
Capacity  Current  Strength,  and  Permeability. — Arc  Lamps. — Incan- 
descent Lamps,  Manufacture  and  Installation;  Photometry. — The 
Continuous  Current  Dynamo. — Direct  Current  Motors. — Alternating 
Currents. — Tranbfor.mer8,  Alternators,  Synchronous  Motors. — Poly- 
phase Working. — Appendix  of  Questions  and  Answers. 

ELEMENTARY   ELECTRICAL   ENQINEERINQ 

In  Theory  and  Practice.  A  Class-book  for  Junior  and  Senior  Students 
and  Working  Electricians.  By  J.  H.  Alexander,  M.B.,  A.I.E.E 
With  181  Illustrations.     12mo,  cloth [Just  Publiahed.    S1.50 

THE   ELECTRICAL  TRANSMISSION   OF   ENERGY. 

A  Manual  for  the  Design  of  Electrical  Circuits.  B^  Arthur  Vaughan 
Abbott,  C.E.,  Member  American  Institute  of  Electrical  Engineers, 
Member  American  Institute  of  Mining  Engineers,  Member  American 
Society  of  Civil  Engineers,  Member  American  Society  of  Mechanical 
Engineers,  &c.  With  Ten  Folding  Diagrams  and  Sixteen  Full-page 
Engravings.  Fourth  Edition,  entirely  Re-Written  and  Enlarged. 
Royal  8vo,  cloth Net  ^.00 

ELECTRICITY   AS   APPLIED   TO   MINING. 

By  Arnold  Lupton,  M.Inst.C.E.,  M.I.M.E.,  M.I.E.E.,  late  Professor  of 
Coal  Mining  at  the  Yorkshire  College,  Victoria  University,  Mining  En- 

S'neer  and  C-olliery  Manager;  G.  D.  Aspinall  Parr,  M.I.E.E..  A.M.I. 
.E.,  Associate  of  the  Central  Technical  College,  City  and  Guilds  of 
London,  Head  of  the  Electrical  Engineering  Department,  Yorkshire 
College,  Victoria  University;  and  Herbert  Pbrkin,  M.I.M.E.,  Cer- 
tificated Colliery  Manager,  Assistant  Lecturer  in  the  Mining  Depart- 
ment of  the  Yorkshire  College,  Victoria  University.  With  about  170 
Illustrations.  Second  Edition,  Revised  and  Enlarged  Medium  8vo, 
cloth [Jutt  Pttbliahed.     S4.50 

Introductort. — Dynamic  Electricitt. — Driving  op  the  Dtnamo. — 
The  Steam  Turbine. — Distribution  op  Electrical  Energy. — Starting 
andStoppi.vo  Electrical  Generators  and  Motors. — Electric  Carltcs. — 
Central  Elkctrical  Plants. — Electricity  applied  to  Pump'vo  and 
Hauling. — ELECTRirrrr  applied  to  Ooai^cutting. — Typical  ELErmic 
Plants  Recently  Erectfed. — Electric  Lighting  by  Arc  and  Glow 
Lamps. — Miscellaneous  Applications  of  Elkctwctty. — Elkctrictty  48 
Compared  with  other  modes  of  TkANSMrrnNO  Poweb. — Danobrs  or 
Electricitt. 


ELECTRICITY,  ELECTRICAL  ENGINEERING,  b^c.  29 
CONDUCTORS   FOR   ELECTRICAL   DISTRIBUTION. 

Their  Materials  and  Manufacture,  The  Calculation  of  Circuits,  Pole-Line 
Construction,  Underground  Working,  and  other  Uses.  By  F.  A.  C. 
Perrine,  A.m.,  D.Sc;  formerly  Professor  of  Electrical  Engineering, 
Leland  Stanford,  Jr.,  University;  M.Amer.I.E.E.     8vo,  cloth. 

^«'  83.50 

Conductor  Materials. — Alloyed  Conductors. — Manufacture  of 
Wire. — Wire-Finishing. — Wire  Insulation  — Cables.— Calculation  op 
Circuits. — Kelvin's  Law  of  Economy  in  Conductors. — Multiple  Arc 
Distribution. — Alternating  Current  Calculation. — Overhead  Lines. 
— Pole  Line. — Line  Insulators. — Underground  Conductors. 

DYNAMO    ELECTRIC    MACHINERY:     Its    CONSTRUC- 
TION, DESIQN,  and  OPERATION. 

By  Samuel  Sheldon,  A.M..  Ph.D.,  Professor  of  Phvsics  and  Electrical 
Engineering  at  the  Polytechnic  Institute  of  Brooklyn,  assisted  by  H. 
Mason.  B.S. 

In  two  volumes,  aold  »epcarately,  as  follows: — 

Vol.  I.— DIRECT    CURRENT    MACHINES.     Fifth  Edition,  Revised. 
8vo.     280  pages,  with  200  Illustrations Net  %2,50 

Vol.  II.— ALTERNATING  CURRENT  MACHINES.     8vo.     260  pages, 
with  184  Illustrations Net  j^'^.dO 

Designed  as  Text-books  for  use  in  Technical  Educational  Institutions,  and 
by  Engineers  whose  work  includes  the  handling  of  Direct  and  Alternating 
Current  Machines  respectively,  and  for  Students  proficient  in  mathematics. 

DYNAMO,    MOTOR    AND    SWITCHBOARD    CIRCUITS 

FOR  ELECTRICAL  ENGINEERS. 

A  Practical  Book  dealing  with  the  subject  of  Direct,  Alternating  and 
Polyphase  Currents.  By  William  R.  Bowker,  C.E.,  M.E.,  E.E.,  Con- 
sulting Tramway  Engineer.     8vo,  cloth 82.25 

"Mr.  Bowker's  book  consists  chiefly  of  diagrams  of  connections,  with  short 
explanatory  notes,  there  are  over  100  diagrams,  and  the  cases  considered 
cover  all  the  more  important  circuits,  whether  in  direct  current,  single- 
phase,  or  poljrphase  work." — Nature. 

ARMATURE      WINDINGS      OF      DIRECT      CURRENT 

DYNAMOS. 

Extension  and  Application  of  a  Greneral  Winding  Rule.  By  E.  Arnold, 
Translated  from  tne  German  by  F.  B.  Da  Qrebb.     8vo,  cloth.  82.00 

POWER   TRANSMITTED   BY   ELECTRICITY, 

And  applied  by  the  Electric  Motor,  including  Electric  Railway  Con- 
struction. By  P.  Atkinson.  A.M.,  Ph.D.  Tliird  Edition,  Fully  Re- 
vised, and  New  Matter  added.     With  04  Illustrations.     12mo,  cloth. 

92.00 
DYNAMO   CONSTRUCTION. 

A  Practical  Handbook  for  the  Use  of  Engineer-Constructors  and  Elec- 
tricIans-in-Char^.  Embracing  Framework  Building,  Field  Magnet  and 
Armature  Windmg  and  Grouping,  Compoimding,  Ac.  By  J.  W.  Unqu- 
HART.     Second  Edition,  Enlarged,  with  114  Illustrations.     12mo,  cloth. 

83.00 
HOW   TO   MAKE   A    DYNAMO. 

A  Practical  Treatise  for  Amateurs.  Containing  Illustrations  and  De- 
tailed Instructions  for  Constructing  a  Small  Dynamo  to  Produce  the 
Electric  Light.     By  Alfred  Crofts.     Seventh  Edition.     12mo,  cloth. 

.80 

WIRELESS  TELEGRAPHY; 

Its  Origins,  Development,  Inventions,  and  Apparatus.  By  Charles 
Henby  Sewall.    With  85  Diagrams  and  Illustrations.     8vo,  cloth. 

I^^  S2.00 
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SUBMARINE  TELEORAPHS; 

'VSmxf  HinUity,  Coiuitnictioii,  mod  Workinc.  Founded  in  part  on  Wmr- 
m:HKtiuoiirr'»  * '  TraiU  de  T6i6tnpiue  Bou»-M«riDe/'  and  Compiled  from 
Auttumiative  and  ISxclucive  oources.  By  Charles  Bbioht,  F.RjS.E. 
A.M.Iiuii.C.K..  M.I.E.e.  780  pp..  folly  Uliwtrsted.  including  Mjipe  and 
FoLdinc  PUtes.     lioyal  8vo,  cloth ^^oJJO 

ELECTRICAL  AND   MAQNETIC  CALCULATIONS. 

For  the  Um  of  Electrical  Engineers  and  Artisans,  Teachers,  Students, 
and  all  other*  interested  in  the  Theory  and  Application  of  Electricity 
and  Mscnetism.     By  Prof.  A.  A.  Atkinson,  Ohio  University.     12mo, 

"l<'t*» Sl.dU 

"To  teachers  and  those  who  already  possess  a  fair  knowledge  of  their  sub- 
ject we  can  recommend  this  book  as  being  useful  to  consult  when  requiring 
data  or  formulie  which  it  is  neither  convenient  nor  neoeasary  to  retain  by 
memory.  "—rAs  Electrician, 

THE   ELECTRICAL   ENGINEER'S  POCKET-BOOK. 

Consisting  of  Rules,  Formula,  Tables,  and  Data.  By  H.  R.  Kemfk, 
M.I.E.B..  A.M.Inst.C.E^  Technical  Officer  Postal  Telegraphs,  Author 
of  "A  Handbook  of  Electrical  Testing."  Second  Edition.  32mo, 
leather $1.7o 


ELECTRIC  LIOHTINQ  (ELEMENTARY  PRINCIPLES  OF). 

By  Alan  A.  Campbell  Swinton,  M.Inst.C.E.,  M.I.E.E.  Sixth  Edition. 
With  16  Illustrations.     12mo,  cloth ,Q0 


ELECTRIC  LIGHT. 

Its  Production  and  Use,  Embodying  Plain  Directions  for  the  Treatment 
of  Dynamo-Electric  Machines,  Batteries,  Accumulators,  and  Electric 
Iiamps.    By  J.  W.  Urquhart,  C.E.    Seventh  Edition.     12mo,  doth. 

S3.00 
ELECTRIC   LIQHT   FOR  COUNTRY   HOUSES. 

A  Practical  Handbook  on  the  Erection  and  Runnina  of  Saudi  Installa* 
tions,  with  Particulars  of  the  Cost  of  Plant  and  Working.  By  J.  H. 
Kniuht,     Fourth  Edition,  Revised.     12mo,  boards 54) 

ELECTRIC   LIGHT   FITTING. 

A  Handbook  for  Working  Electrical  Engineers,  embod3nng  Practical 
Notes  on  Installation  Management.  By  J.  W.  Urquhart.  Wiih 
numerous  Illustrations.    Fourth  Edition,  Revised.  12mo,cloth.^,00 

ELECTRIC   SHIP-LIGHTING. 

A  Handl>o<>k  on  the  Practical  Fitting  and  Running  of  ^ipe'  Electrical 
Haitt.  For  the  Vm  of  Shipowners  and  Builders,  Marine  Electricians, 
and  Seag^nng  tlitgineerv-in-Charge.  By  J.  W.  Urquhart.  C.E.  Third 
Kiiition,  Ucviwd  and  Extended.  With  88  Illustrations,  12mo» 
cK»lh S3.<N> 

DYNAMIC    ELECTRICITY   AND   MAQNETIS.1l. 

Ity  Ihiiup  Atmn»on\  A.m..  Ph.D..  Author  of  ''Elements  of  Static 
^U«K.Mnoity/'  <.^t\     l><.)wn.  Svv>.  417  pp.,  with  130  Illustrations,  doth 

K.00 
THI:    STIDUNT'S  TF\T-BOOK   OF   ELECTRICITY. 

Hv  H.  M.  Novt\  F.K.S.  t^>  pp.,  with  470  lUustrations.  12bm>, 
elv»ih M.OO 
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SPECIFICATIONS   IN   DETAIL. 

By  li'RAKK  W.  Macbt,  Architect.  Author  of  "Conditions  of  Contract." 
Second  Edition,  Revised  and  Enlarged,  containing  644  pp.,  and  2,000 
Illustrations.     Royal  8vo,  cloth SH.OO 

SuMifART  OF  CoMTKNTS: — Gbnicral  Notbs  (iNCLUDxira  Points  in  Spbci- 

FICATION  WbITINO,  ThE  OrdER  OF  A  SPECIFICATION,  AND  NOTES  ON  ItEMS 
OFTEN  OmITTBD  FROM  A  SPECIFICATION). — FORM  OF  OuTBIDB  CoVER  TO  A 

Spbcification. — Specification  of  Works  and  List  of  General  Condi- 
tions.  PRELIBnNART  ItEMS  (INCLX7DIN0  ShORING  AND  HOUSB  BrEAKER). 

— Drainage  (including  Rain-water  Wblia  and  Reports). — Excavator 
(including  Concrete  Floors,  Room,  Stairs,  and  Walls). — Pavior. — 
Bricklayer  (including  Funtwork,  River,  and  other  Walling.  Spring- 
water  Wells,  Storage  Tanks,  Fountains,  Filters,  Tbrra  Cotta  and 
Faibncb). — Mason. — Carpenter,  Joiner,  and  Ironmonger  (including 
Fencing  and  Piling).— Smith  and  Founder  (including  Heating,  Firb 
Hydrants,  Stable  and  0>w-housb  Fittings ).---Slater  (including  Slatb 
Mason). — ^Tiler. — Stone  Tiler. — Shingler. — Thatcher. — Plumber  (in- 
cluding Hot-water  Work). — Zincworker. — Coppersmith. — Plastbrbr. 
—  Gasfftter.  —  Bbllsangbr.  —  Glazier.  —  Painter. —  Papbrhangbr. — 
General  Repairs  and  Alterations. — Ventilation. — Road-making.-~ 
Electric  Light. — Index. 

PRACTICAL   BUILDING  CONSTRUCTION. 

A  Handbook  for  Students  Preparing  for  Eacaminations.  and  a  Bo'^k 
of  Reference  for  Persons  Engaged  in  Building.  By  John  Parnell 
Allen,  Surveyor,  Lecturer  on  Building  (Construction  at  the  Durham 
(College  of  Science.  Newcastle-on-Tyne.  Fourth  Edition,  Revised  and 
Enlarged.     Medium  8vo,  570  pp.,  with  over  1,000  Illustrations,  cloth, 

ss.oo 

SPECIFICATIONS  FOR   PRACTICAL  ARCHITECTURE. 

A  Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder.  Upon 
the  Basis  of  the  Work  by  A.  Bartholomew,  Revised,  by  F.  Rogers. 
8vo,  cloth $6.00 

SCIENCE  OF  BUILDING: 

An  Elementary  Treatise  on  the  Principles  of  Construction.  By  E. 
Wtndham  Tarn,  M.A.Lond.     Fourth  Edition.     12mo,  cloth. gl, 40 

ART  OF  BUILDINQ. 

Rudiments  of.  General  Principles  of  O>xistruction ,  Character,  Strength, 
and  Use  of  Materials,  Preparation  of  Specifications  and  Estimates,  dec. 
By  Edward  Dobson,  M.Inst.C.E.  Fifteenth  Edition,  revised  bv  J.  P. 
Allen,  Lecturer  on  Building  Construction  at  the  Durham  College  of 
Science.     12mo,  cloth ,80 

BOOK  ON   BUILDING, 

CHvil  and  Ecclesiastical.  By  Sir  Edmund  Beckett,  Bart.,  LL.D. 
Second  Edition.     12mo,  cloth 91.80 

BUILDING   ESTATES: 

A  Treatise  on  the  Development,  Sale,  Purchase,  and  Management  of 
Biulding  Land.     By  F.  Maitland.     Fourth  Edition.     12mo,  cloth, 

.80 

COTTAGE  BUILDING. 

By  C.  Bruce  Allen.  Twelfth  Edition,  with  Chapter  on  Economic 
Cottages  for  Allotments  by  E.  E.  Allen,  C.E.     12mo,  cloth. .       .80 
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DWELLING-HOUSES, 

Erection  of,  illustrated  by  a  Penipeciive  Vi«w,  Flaiui,  Elevations,  and 
Hectionn  of  a  Pair  of  Villas,  witn  the  Specification,  Quantities,  and 
Eiitimatea.     By  S.  U.  Bbooks.     12mo.  cloth SI .00 

FARM   BUILDINGS: 

Their  Arrangement  and  Construction,  with  Plans  and  Estimates.  By 
Professor  J.  Scott.     12mo,  cloth ^gQ 

SHORING, 

And  its  Application.    By  G.  H.  Blaorove.    Crown  8vo,  cloth.       jQf^ 

ARCHES,   PIERS,   BUTTRESSES. 

By  WiLUAU  Bland.     12mo,  cloth ,50 

PRACTICAL   BRICKLAYING. 

Oieral  Principles  of  Brickiayins;  Arch  Drawing.  Cutting,  and  Setting: 
Pointing:  Paving.  Tiling.  Ac.  By  Adam  Hammond,  with  68  Wood- 
cuts.    12mo,  cloth ,|J0 

ART  OF  PRACTICAL  BRICK-CUTTING  AND  SETTING. 

By  Adam  Hammond.     With  00  Engravings.     12mo,  cloth ^QQ 

BRICKWORK: 

Embodying  the  General  and  Higher  Principles  of  Bricklaying,  Cutting, 
and  Setting;  with  the  Application  of  Geometry  to  Roof  Tiling,  Ac. 
By  F.  Walker.     12mo,  cloth ,gQ 

"Contains  all  that  a  student  needs  to  learn  from  books. — Building  Nevog" 

BRICKS   AND   TILES, 

Rudimentary  Treati^  on  the  Manufacture  of.  Containing  an  Outline 
of  the  Princiolen  of  Brickmaking.  By  E.  Dobson.  M.R.I. B.A.  Addi 
tions  by  C.  Tomlinoon,  F.R.S.     Illustrated.     12mo.  cloth %\,20 

PRACTICAL  BRICK   AND  TILE   BOOK. 

Comprising-  Brick  and  Tile  Making,  by  E.  Dobaon.  M.Inst.C.E. ;  Prac- 
tical Bricldaying  by  A.  Hammond,  Brick-Cutting  and  Setting,  by  A. 
Hammond.    550  pp.,  with  270  Illustrations,  strongly  half -bound .  S2.40 

PRACTICAL   MASONRY. 

A  Guide  to  the  Art  of  Stone  Cutting.  Comprising  the  Construction, 
Setting-Out,  and  Working  of  Stairs.  Circular  Work,  Arches,  Niches, 
Domes.  Pendenti\'eH.  Vaults,  Tracery  Windows,  Ac;  to  which  are 
added  Supplements  relating  to  Masonry  Estimating  and  Quantity  Sur- 
veying, and  to  BuiUling  Stones  and  Marbles,  and  a  Glossary  of  Terms. 
For  the  Us^e  of  St  udents.  Masons,  and  Craftsmen-  By  W.  R,  Purchase, 
BuildiniC  InsDector  to  the  Borough  of  Hore.  Fifth  Edition,  Enlarged. 
Koyal  8vo,  226  pp.,  with  52  Plates,  comprising  over  400  Diagrams, 
cloth S3.00 

MASONRY   AND   STONECUTTINQ, 

The  Principles  of  Masonic  Projection,  and  their  Application  to  Con- 
struction.    By  E.  DoBsoN,  M.R.I.B.A.     12mo,  cloth Sl.OO 

MODERN   LIGHTNING   CONDUCTORS. 

An  Illustrated  Supplement  to  the  Report  of  the  Lightning  Research 
Committee  of  1905,  with  Notes  as  to  the  Methods  of  Protection,  and 
Soecifications,  By  Killi .no worth  Hedoj>»,  M.Inst.C.E.,  M.I.E.E.. 
Honorary  Secretary  to  the  Lightning  Research  Committee,  Author  of 
"American  Street  Railways."     Medium  8vo.  cloth 

[Juat  Publiahed      Net  9(3.00 

"The  illustrations  are  very  interesting  and  give  one  a  clear  idea  of  what 

is  likelv  to  happen  when  a  building  is  struck  by  lightning.     Mr.  Hedges' 

suggestions  of  possible  reasons  why  certain  protected  buildings  were  struck 
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are  ioBtniotive.  He  also  explains  the  modern  methods  of  fittinc  bnildings 
with  lightning  conductors.  To  the  ordinary  reader  the  book  wul  be  of  in* 
terest,  and  to  anyone  who  has  to  design  a  system  for  protecting  a  building 
from  lightning  strokes  it  will  be  helpful  " — Builder. 

PLUMBING: 

A  Text-Book  to  the  Practice  of  the  Art  or  Craft  of  the  Plumber.  With 
Chapters  upon  House  Drainage  and  Ventilation.  By  Wm.  Paton 
BucHAN      Ninth  Edition,  with  512  Illustrations.     Crown  8vo,  cloth. 

$1.40 
HEATING   BY   HOT   WATER, 

VENTILATION  AND   HOT  WATER  SUPPLY. 

By  Walter  Jones,  M.I.M.E.  360  pages,  with  140  Illustrations. 
Medium  8vo,  cloth S2,50 

THE   PRACTICAL   PLASTERER: 

A  Compendium  of  Plain  and  Ornamental  Plaster  Work.  By  W.  Kxmp. 
12mo.  cloth ^gQ 

CONCRETE:   ITS   NATURE   AND    USES. 

A  Book  for  Architects,  Builders,  Contractors,  and  Clerks  of  Works.  Bv 
G  L  StrrcuFFE,  A.ll.I.B.A.  Second  Edition,  Revised  and  Enlarged. 
396  pp.,  with  Illustrations.     12mo,  cloth . . .  .[  jus<  Published,     $3.50 

PORTLAND   CEMENT   FOR   USERS. 

By  the  late  Henrt  Faija.  M.Inst.C.E.  Fifth  Edition.  Revised  and 
Enlarged  by  D.  B.  Butler,  AM  Inst.C.E.     12mo,  cloth $1.20 

LIMES,  CEMENTS,  MORTARS,  CONCRETES,  MASTICS, 
PLASTERING,  &c. 

By  G.  R.  Burnell,  C.E.     Fifteenth  Edition.     12mo,  cloth ,60 

MEASURING   AND   VALUING    ARTIFICERS'   WORK 

(The  Student's  Guide  to  the  Practice  of).  Containing  Directions  for 
taking  Dimensions,  Abstracting  the  same,  and  bringing  the  Quantities 
into  Bill,  with  Tables  of  Constants  for  Valuation  of  La^ur,  and  for  the 
Calculation  of  Areas  and  Solidities.  Originally  edited  by  E.  Dobson, 
Architect.  With  Additions  by  E.  W.  Tarn,  M.A.  Seventh  (klition, 
Revised.     12mo,  cloth $3.00 

QUANTITIES   AND   MEASUREMENTS, 

In  Bricklaverp',  Masons',  Plasterers',  Plumbers',  Painters',  Paper 
hangars',  Gilders',  Smiths',  Carpenters'  and  Joiners'  Work.  By  A.  C 
Beaton,  Surveyor.     12mo,  cloth ,60 

"T  lis  book  is  indispensable  to  builders  and  their  quantity  clerks." — Enff* 
liak  Mechanic. 

TECHNICAL   GUIDE,    MEASURER,    AND    ESTIMATOR. 

For  Builders  and  Surveyors.  Containing  Technical  Directions  for  Meas> 
urinj?  Work  in  all  the  Building  Trades,  Complete  Specifications  for 
Houses.  Roads,  and  Drains,  and  an  Easy  Method  of  Eatimatin^^  the 
part''  of  a  Building  collectively.  By  A.  C.  Beaton.  Tenth  Edition. 
Waistcoat -p<3cket  size ,60 

"No   builder,  architect,   surveyor,   or  valuer    should    be    without    his 
*  Beaton.'  " — Building  News. 

COMPLETE   MEASURER; 

Setting  forth  the  Measurement  of  Boards,  Glass,  Timber,  and  Stone. 
By  R.  Horton.     Sixth  Edition.     12mo,  cloth $1.60 

ARCHITECTURAL   PERSPECTIVE. 

Tne  whole  Course  and  Operations  of  the  Draughtsman  in  Drawing  a 
Large  House  in  Linear  Perspective.  Illustrated  by  43  Folding  Plates. 
By  F.  O.  Ferguson.     Third  Edition.     8vo,  boardsT SI  .50 
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PERSPECTIVE   FOR   BEGINNERS 

For  Students  and  Amateurs  in  Architecture,  Painting,  &%.  By  G. 
Ptne.     Crown  8vo,  cloth ,80 

PRACTICAL   RULES  ON    DRAWING. 

For  the  Builder  and  Young  Student  in  Architecture.     By  G.  Ptnb.     4to 

93.00 

THE   MECHANICS  OF   ARCHITECTURE. 

A  Treatise  on  Applied  Mechanics,  especially  Adapted  to  the  Use  of 
Afthitects.  By  E.  W.  Tarn,  M.A.,  Author  of  "The  Science  of  Build- 
ing," dec.  Second  Edition,  Enlarged.  Illustrated  with  125  Diagrams. 
12mo,  cloth ba.OO 

"The  book  is  a  very  useful  and  helpful  manual  of  architectural  mechan- 
ics."—5ui/dcr. 

A   HANDY   BOOK  OF  VILLA   ARCHITECTURE. 

Bein^  a  Series  of  Designs  for  Villa  Residences  in  various  Styles.  With 
Outlme  Specifications  and  Estimates.  By  C.  Wickes,  Architect,  Au- 
thor of  '*The  Spires  and  Towers  of  England,"  <fec.  61  Plates,  4to,  half- 
morocco,  gilt  edges Sl^.OO 

DECORATIVE   PART   OF   CIVIL  ARCHITECTURE. 

By  Sir  William  Chambers,  F.R.S.  With  Portrait,  Illiistrations,  Notes, 
and  an  Examination  ok  Grecian  Architecture,  by  JosEpn  Gwii/r, 
F.S.A.     Revised  and  F^ited  by  W.  H.  Leeds.     66  Plates,  4to,  cloth. 

S8.40 
HINTS  TO  YOUNG   ARCHITECTS. 

By  George  Wiqhtwick,  Architect,  Author  of  "The  Palace  of  Archi* 
tecture,"  &c.,  &c.  Sixth  Edition,  revised  and  enlarged  by  G.  Huskis- 
SON  GuiLLAUME,  Architect.     12mo^  cloth S1.40 

THE   ARCHITECTS'   GUIDE. 

Being  a  Text-book  of  Useful  Information  for  Architects,  Engineers,  Sur- 
veyors, Contractors,  Clerks  of  Works,  &c.    By  F.  Rogers.     12mo» 

S1.40 
ARCHITECTURE— ORDERS. 

The  Orders  and  their  Esthetic  Principles.     By  W.  H.  Leeds.     12mo. 

.60 

ARCHITECTURE— STYLES. 

The  History  and  Description  of  the  Styles  of  Architecture  of  Various 
Countries,  from  the  Earliest  to  the  Present  Period.  By  T.  Talbot 
Bury,  F.R.I. B. A.,  &c.     Illustrated.     12mo,  cloth ,^0 

Orders  and  Styles  op  ARrHiTEcruRF,"  in  One  Vol Sl«40 


•  << 


ARCHITECTURE— DESIGN. 

The  Principles  of  Design  in  Architecture,  as  deducible  from  Nature  and 
exemplified  in  the  Works  of  the  Greek  and  Gothic  Architects.  By  Edw. 
L.  Garbett,  Architect.     12mo,  cloth S1«00 

"We  know  no  work  that  we  would  sooner  recommend  to  an  attentive 
reader  desirous  to  obtain  clear  views  of  the  nature  of  architectural  art.  The 
book  is  a  valuable  one." — Builder. 

*«*  The , three  preceding  Works  in  One  handsome  Vol.,  half -bound,  entitled 
"Modern  Architecture,"  prtc«, SS8.40 

ARCHITECTURAL  MODELLING    IN   PAPER, 

The  Art  of.    By  T.  A.  Richardson.     I2mo,  cloth QQ 
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VITRUVIUS-THE      ARCHITECTURE      OF      MARCUS 

VITRUVIUS  POLLIO. 

In  Ten  Books.  Translated  from  the  Latin  by  J.  Gwilt.  With  23 
Plates.     12mo,  cloth ^.5.00 

N.B. — This  is  ths'only  Ediiion  of  ViTRUvirs  procurable  at  a  moderate  price, 

GRECIAN    ARCHITECTURE, 

An  Inquiry  into  the  Principles  of  Beauty  in;  with  an  Historical  View 
of  the  Rise  and  Progress  of  the  Art  in  Greece.  By  the  Earl  of  Aber- 
deen        .40 

*»•  The  two  preceding  Works  in  One  handsome  Volume,  half-bounds  entitled 
'Ancifst  Architecture,"  price, . S2*40 


It 


ACOUSTICS  OF   PUBLIC   BUILDINGS: 

The  Laws  of  Sound  as  applied  to  the  Arrangement  of  Buildings.  By- 
Professor  T.  Rogers  Smith,  F.R.I.B.A.  New  Edition,  revised.  With 
numerous  Illustrations.     12mo,  cloth '   .^^ 

LIGHT: 

An  Introduction  to  the  Science  of  Optics.  Designed  for  the  Use  of 
Students  of  Architecture,  Engineering,  and  other  Applied  Sciences.  By 
E.  W.  Tarn,  M.A.     12mo,  cloth jQQ 


SANITATION  AND   WATER  SUPPLY. 


THE   HEALTH    OFFICER'S   POCKET-BOOK. 

A  Guide  to  Sanitary  Practice  and  Law.  For  Medical  Officers  of  Health, 
Sanitary  Inspectors,  Members  of  Sanitary  Authorities,  &c.  By  Edward 
F.  W1L.LOUGHBT,  M.D.  (Lond.),  dec.  Second  Edition,  Revised  and  En- 
larged.    Fcap.  8vo,  leather t^.OO 

THE   WATER   SUPPLY   OF  TOWNS   AND   THE   CON- 
STRUCTION OF  WATER-WORKS. 

By  PROPE88OR  W.  K.  Burton,  A.M.Inst.C.E.  Second  Edition,  Re- 
vised and  Extended.     Uoyal  8vo,  cloth.     (See  page  12.) S9*0O 

THE   WATER   SUPPLY   OF   CITIES   AND  TOWNS. 

By  William  Humbkr,  A.M.Inst.C.E.,  and  M.Inst.M.E.  Imp.  4to,  half- 
bound  morocco.     (See  page  12.) SP4^«00 

WATER   AND    ITS   PURIFICATION. 

A  Handbook  for  the  Use  of  Local  Authorities,  Sanitary  Officers,  and 
others  interested  in  Water  Supply.  By  S.  Rideal,  D.Sc.  Lond.,  F.I.C. 
Second  Edition,  Revised,  with  Additions,  including  numerous  Illustra- 
tions and  Tables.     12mo,  cloth S3«(N> 

RURAL   WATER   SUPPLY. 

A  Practical  Handbook  on  the  Supply  of  Water  and  Construction  of 
Water- works  for  Small  Country  Districts.  By  Allan  Greenwell, 
A.M.I. C.E.,  and  W.  T.  Currt,  A.M.I. C.E.     Revised  Edition.     12mo, 

«ioth S2.oa 

WATER   ENQINEERINO. 

A  Practical  Treatise  on  the  Measurement,  Storage,  Conveyance,  ana 
Utilisation  of  Water  for  the  Supply  of  Towns.  By  C.  Slaog,  A.M. 
I'lat.C.E S3.0<> 


36        CROSBY  LOCKWOOD  &-  SON'S  CATALOGUE, 
THE   PURIFICATION   OF  SEWAGE. 

Being  a  Brief  Account  of  the  Scientific  Principles  of  Sewage  Purifica- 
tion, and  their  Practical  Application.  By'  Sidney  Barwise,  M.D 
(Lond.),  B.Sc.,  M.R.C.S.,  D.P.H.  (Camb.),  FeUow  of  the  Sanitary  In- 
stitute, Medical  Officer  of  Health  to  the  l)erby8hire  County  Council. 
Second  Ekiition,  Revised  and  Enlarged,  with  an  Appendix  on  the  Analy- 
sis of  Sewage  and  Sewage  Effluents.  With  numerous  lUustrations  and 
Diagrams.     Demy  8vo,  cloth A>/  ^,50 

SniiMART  OP  Contents; — Sewage:  Its  Nature  and  Composition. — 
The  Chemistry  op  Sbwaok. — Varieties  op  Sewage  and  the  Changes  it 
Undergoes. — River  Pollution  and  its  Eppects. — The  Land  Treatment 
OP  Sewage. — Precipitation,  Precipitants,  and  Tanks. — The  Liquepac- 
TioN  OF  Sewage. — Principles  involved  in  the  Oxidation  op  Sewage. — 
Artipicial  Processes  op  Puripication. — Automatic  Distributors  and 
Special  Filters. — Particulars  op  Sewerage  and  Sewage  Disposal 
Schemes  required  by  Local  Government  Board. — Useful  Data. — Ap- 

gendix:  The  Apparatus  required  for  Sewage  Analysis. — Standard 
OLUTIONS  used  IN  THE  MeTHOD  OF  SeWAGB  ANALYSIS. —  TdbUs:  ESTI- 
MATION OP  Ammonia. — Nitrogen  as  Nitrates. — Incubator  Test.  Oxygen 
Absorbed. — To  Convert  Grains  per  Gallon  to  Parts  per  100,000. 

SANITARY  WORK  IN  SMALL  TOWNS  AND  VILLAGES. 

By  Charles  Slagg,  A.M.Inst.C.E.     Third  Edition,  Enlarged.     12mo 
cloth 83.00 

VENTILATION: 

A  Text-Book  to  the  Practice  of  the  Art  of  Ventilating  Building:*.     By 
W.  P.  BucHAN.     With  170  Illustrations.     12mo,  cloth S1.40 


CARPENTRY,   TIMBER,  ETC. 


PRACTICAL   FORESTRY. 

And  it,s  Bearing  on  the  Improvement  of  Estates.  By  Charles  E. 
Ci'RTis,  F.S.I. ,  Professor  of  Forestry,  Field  Engineering,  and  General 
Estate  Management,  at  the  College  of  Agriculture,  Downton.  Second 
Edition,  Revised.     12mo,  cloth fv!|  ,4() 

Prefatory  Remarks. — Objects  op  Planting. — Choice  of  a  Foki.ster. 
— Choice  of  Soil  and  Site. — Laying  Out  op  Land  for  Plantations. — 
Preparation  of  the  Ground  for  Planting. — Drainage. — Planting. — 
Distances  and  Distribution  of  Trees  in  Plantations. — Treks  axd 
Gkoi^ndGame. — Attention  after  Planting. — Thinning  of  Plantations. 
— Piu'NiNo  of  Fohest  Trees. — Realization. — Methods  of  Sauj:. — 
Measurement  op  Timber. — Measurement  and  Valuation  of  Larch's 
Plantation. — Fire  Lines. — Cost  of  Planting. 

WOODWORKING    MACHINERY. 

Its  Rise,  Progres.*!,  and  Construction.  With  Hints  on  the  Management 
of  Saw  Mills  and  the  Fxjonomical  Conversion  of  Timber,  llhistrated 
with  Examples  of  Recent  Designs  by  leading  English,  Frenrh.  and 
American  Engineers.  By  M.  Powis  Bale,  M.Inst. C.E.,  M.I.Mech.E. 
Second  Edition,  Revised,  with  large  Additions.     8vo,  440  pp..  cloth, 

83.50 
SAW  MILLS. 

Their  Arrangement  and  Management ,  and  the  Economical  Convention 
of  Timber.  By  M.  Powis  Bale,  M.Inst.C.E.,  M.I.Mech.E.  Second 
Edition,  Revised.     12mo,  cloth 84.00 


CARPENTRY,  TIMBER,  fir-c.  37 

THE  ELEMENTARY  PRINCIPLES  OF  CARPENTRY. 

A  Treatise  on  the  Pressure  and  Equilibrium  of  Timber  Framing,  the 
Resistance  of  Timber,  and  the  Construction  of  Floors,  Arches,  Bridgee. 
Roofs,  Uniting  Iron  and  Stone  with  Timber,  &c.  To  which  is  added 
an  Essay  on  the  Nature  and  Properties  ot  Timber,  &c.,  with  Descrip- 
tions of  the  kinds  of  Wood  used  in  Building;  also  numerous  Tables 
of  the  Scantling^  of  Timber  for  different  purposes,  the  Specific  Gravi- 
ties of  Materials,  &c.  By  Thomas  Tredgold,  C.E.  With  an  Appendix 
of  Specimens  of  Various  Roofs  of  Iron  and  Stone,  Illustrated.  Seventh 
Edition,  thoroiighiy  Revised  and  considerably  Enlarsed  by  E.  Wynd- 
HAM  Tarn,  M.A.,  Author  of  "The  Science  of  Budding,"  &c.  With 
61  Plates,  Portrait  of  the  Author,  and  several  Woodcut«.  In  One 
large  Vol.,  4to,  cloth 910.00 

THE  CARPENTER'S  GUIDE. 

Or,  Book  of  Lines  for  Carpenters;  comprising  all  the  Elementary  Prin- 
ciples esi^ential  for  acquinng  a  knowledge  of  Carpentry.  Founded  on 
the  late  Peter  Nicholson's  standard  work.  A  New  Edition,  Revised 
by  Arthur  Abhpitel,  F.S.A.  Together  with  Practical  Rules  on 
Drawing,  by  Georob  Ptne.     With  74  Plates,  4to,  cloth S7«50 

CARPENTRY   AND  JOINERY— 

The  Elementary  Principles  of  Carpentry.  Chiefly  composed  from  the 
Standard  Work  of  T.  Tredgold.  With  Additions  and  a  Treatise  on 
Joinery  by  £.  W.  Tarn,  M.A.     Eighth  Edition.     12mo,  cloth.  $1,4Q 

Atlas  of  35  Plates  to  accompany  and  iUustrate  the  foregoing  book. 
With  Descriptive  Letterpress.     4to 92.40 

ROOF  CARPENTRY: 

Practical  Lessons  in  the  FraminK  of  Wood  Roofs.  For  the  use  of 
Working  Carpenters.     By  Gko.  Colli ngb.     12mo,  cloth ,^  j 

CIRCULAR  WORK   IN   CARPENTRY   AND  JOINERY. 

A  practical  Treatise  on  CHrcuIar  Work  of  Single  and  Double  Curvature. 
By  Georob  Collings.     Fourth  Edition.     12mo,  cloth S1*00 

HANDRAILINQ   COMPLETE   IN   EIGHT   LESSONS. 

On  the  Square-Cut  Syntem.  By  J.  8.  Goldthorp,  Teacher  of  Geometrv 
and  Builcung  Construction  at  the  Halifax  Mechanics'  Institute.  With 
Eight  Plates  and  over  150  Practical  Exercises.     4to,  cloth . . .  .$1,40 

PRACTICAL  TREATISE  ON    HANDRAILINQ: 

Showing  New  and  Simple  Methods.  By  Geo.  Collings.  Third  Edi- 
tion, including  a  Treatise  on  Stairbuildmg.     12mo,  cloth Sl-00 

THE    CABINET-MAKER'S    GUIDE    TO    THE    ENTIRE 

CONSTRUCTION  OF  CABINET  WORK. 

By  UicHARD  BiTMEAD.  Illustrated  with  Plans,  Sections  and  Working 
Drawings.     12mo,  cloth 91.00 

THE  JOINTS  MADE   AND   USED   BY   BUILDERS. 

By  W.  J.  Christt.     With  160  Woodcuts.     12mo,  cloth 81.20 

TIMBER   IMPORTER'S,   TIMBER  MERCHANT'S,   AND 

BUILDER'S  STANDARD  OUIDE. 

By  R.  E.  Grandt.     12mo,  cloth ,8Q 

TIMBER  MERCHANT'S  and  BUILDER'S  COMPANION. 

Containing  New  and   Copious  Tables   of  the  Reduoe<l   Weight    and 
MeR.'<nrement  of  Deals  and  Battens  of  all  hizc  nnrl  h*her  Useful  Tfhlcs 
for  the  use  of  Timber  Merchants  and  Builders.     By  William  Dowsing. 
Fifth  Edition,  Revised  and  Corrected.     12mo,  cloth S1.I30 


38        CROSBY  LOCKWOOD  6*  SON'S  CATALOGUE. 
THE   PRACTICAL  TIMBER  MERCHANT. 

Being  a  Guide  for  the  Use  of  Building  Contractors,  Surveyors.  Builders, 
Ac,  coinprising  useful  Tables  for  all  purposes  connected  with  the 
Timber  Trade,  Marks  of  Wood,  Essay  on  the  Strength  of  Timber. 
Remarks  on  the  Growth  of  Timber,  &c.  By  W.  Richardson.  Second 
Edition.    Fcap.  8vo,  cloth Sl.40 

PACKINQ-CASE  TABLES. 

Showing  the  number  of  Superficial  Feet  in  Boxes  or  Packing-Cases, 
from  six  inches  sqxiare  and  upwards.  By  W.  liicHARDBON,  Timber 
Broker.     Fourth  Edition.     Oblong  4to.  cloth SI  .40 

GUIDE  TO  SUPERFICIAL  MEASUREMENT. 

Tables  calculated  from  1  to  200  inches  in  length,  by  1  to  108  inches  in 
breadth.  For  the  use  of  Architects,  Surveyors,  Engineers,  Timber 
Merchants,  Builders,  Ao.  By  J.  Hawkingb.  Fifth  Edition.  12mo, 
cloth il,40 


DECORATIVE  ARTS,  ETC. 


SCHOOL    OF    PAINTING    FOR    THE    IMITATION    OF 

WOODS  AND  MARBLES. 

As  Taught  and  Practised  by  A.  R.  Van  der  Buro  and  P.  Van  der 
Burg,  Directors  of  the  Rotterdam  Painting  Institutions.  Royal  folio. 
18i  by  12^  in.,  Illustrated  with  24  full-sise  Coloured  Plates;  also  12 
plain  Plates,  comprising  154  Figures.     Fourth  Exlition,  eloth. 

N^  910.00 

List  op  Plate*. 

1.  Varioub  TooLfl  Required  FOR  Wood  Painting. — 2,3.  Walnttt;  Pre- 

UMINART  STAOEa  OF  GRAINING  AND  FINISHED  SPECIMEN.— 4.    TOOLB  UsED 

FOR  Marble  Paintiwo  and  Method  of  Manipulation. — 5,  6.  St.  Reici 
Marble;  Earlier  Operations  and  Finished  Specimen. — 7.  Methods  of 
Sketching  Different  Grains,  Knots,  Ac. — 8,  9.  Ash.  Preliminary 
Stages  and  Finished  Specimen. — 10.  Methods  of  Sketching  Marble 
Grains. — 11, 12.  Breche  Marble;  Preliminary  Stages  of  Working  and 
Finished  Specimen. — 13.  Maple;  Methods  of  Producing  the  Different 
Grains. — 14,  15.  Bird's- Eye  Maple;  Preliminary  Stages  and  Finished 
Specimen. — 16.  Methods  of  Sketching  the  Different  Species  of  White 
Marble. — 17,  18.  White  Marble;  Preliminary  Stages  of  Process  and 
Finished  Specimen. — 19.  Mahogany;  Specimens  of  Various  Grains  and 
Methods  of  Manipulation. — 20.  21,  Mahogany;  Earlier  Stages  and 
Finished  Specimen. — 22,  23,  24.  Sienna  Marble;  Varietif.s  of  Grain, 
Preliminary  Stages  and  Finished  Specimen. — 25, 26, 27.  Juniper  Wood; 
Methods  of  Producing  Grain,  Ac;  Preliminary  Stages  and  Finished 

SPECIMEN. — 28,  29,  30.  Vert  de  Mer  Marble;  Varieties  of  Grain  an'd 
[ethods  of  Working,  Unfinished  and  Finished  Specimens. — 31,  32,  33. 
Oak;  Varieties  of  Grain,  Tools  Employed  and  Methods  of  Manipu- 
L\TioN.  Preliminary  Stages  and  Finished  Specimen. — 34,  35.  36.  Waul- 
90RT  Marble;  Varieties  of  Grain,  Unfinished  and  Finished  Specimens. 

ELEMENTARY   DECORATION: 

As  Applied  to  Dwelling-Houses,  Ac.     By  J.  W.  Facet.     12mo,  cloth. 

80 

PRACTICAL  HOUSE  DECORATION. 

A  Guide  to  the  Art  of  Ornamental  Painting,  the  arrangement  of  Colours 
in  Apartments,  and  the  Principles  of  Decorative  Design.     By  James  W. 

Facey.     12mo,  eloth ^1.00 

%*  The  last  tvpo  works  in  One  handwme  Vol.,  half-bound,  entitled  "HouSB 
Decoration.  Elementary  and  Practical."  price S2.00 


DECORATIVE  ARTS,  ^e.  39 

ORNAMENTAL  ALPHABETS,  ANCIENT  &  MEDI/EVAL. 

From  the  Eighth  Century  with  Numerals;  includms  Gothic.  Church- 
Text,  large  and  small,  German,  Italian,  Arabesque,  Initials  for  Illum- 
ination, Monograms,  Crosses,  &c.,  for  the  use  of  Architectural  and  Bln- 
fineering  Drauirhtsmen,  Missal  Painters,  Masons,  Decorative  Painters, 
.ithograohers,  Engravers,  Carvers,  &c.,  &o.  Collected  and  Engraved 
by  F.  Delauotte,  and  printed  in  Colours.  New  and  Cheaper  Edition, 
lioyal  8vo,  oblong,  ornamented  boards S1«00' 

MODERN    ALPHABETS,    PLAIN    AND    ORNAMENTAL. 

Including  German,  Old  English,  Saxon,  Italic,  Perspective,  Greek, 
Hebrew,  Court  Hand  Engrossing,  Tuscan,  Riband,  Gothic,  Rustic,  and 
Arabesque ;  with  several  Original  Designs,  and  an  Analjrsis  of  the  Roman 
and  Ohi  English  Alphabets,  large  and  small,  and  Numerals,  for  the  use 
of  Draughtsmen,  Surveyors,  Masons,  Decorative  Painters,  Lithog- 
raphers, Engravers,  Carvers,  &c.  Collected  and  Engraved  by  F.  t)ELA- 
MOTTE,  and  printed  in  Colours.  New  and  Cheaper  Edition.  Royal  8vo, 
oblong,  ornamental  boards 91*00 

MEDI/EVAL  ALPHABETS  AND   INITIALS. 

By  F.  G.  Drlamotte.     Containing  21  Plates  and  Illuminated  Title 

erinted  in  Gold  and  Colours.     With  an  Introduction  by  J.  Wilub 
IROOKB.     Fifth  Edition.     Small  4to,  ornamental  boards S2.00 

A   PRIMER   OF  THE   ART  OF   ILLUMINATION. 

For  the  Use  of  Beginners;  with  a  Rudimentary  Treatise  on  the  Art, 
Practical  Directions  for  its  Exercise,  and  Examples  tidcen  from  Illumi- 
nated MSS.,  printed  in  Gold  and  Colours.  By  F.  Del.aiiotte.  New 
and  Cheaper  Edition.     Small  4to,  ornamental  boards S/S.40 

THE   EMBROIDERER'S  BOOK  OF   DESIGN. 

Containing  Initials,  Emblems.  Cyphers,  Monograms,  Ornamental  Bor- 
ders, E'^clesi&stical  Devices,  Mediaeval  and  Modem  Alphabets,  and 
National  Emblems.  Collected  by  F.  Delamotte,  and  printed  in 
Colours.     Oblong  royal  8vo,  ornamental  wrapper 91.00 

MARBLE   DECORATION 

And  the  Terminology  of  BritisK  and  Foreign  Marbles.  A  Handbook 
for  Students.  By  Georoe  H.  Blagrovk,  Author  of  "Shoring  and  its 
Application,"  Ac.     With  28  Illustrations.     12mo,  cloth 81.40 

THE   DECORATOR'S  ASSISTANT. 

A  Modem  Guide  for  Decorative  Artists  and  Amateurs,  Painters,  Writ«r8, 
Gilders,  Ac.  Containing  upwards  of  600  Receipts.  Rules,  and  Instruc- 
tions; with  a  variety  of  Information  for  General  Work  connected  with 
every  Class  of  Intenor  and  Ext«rior  Decorations,  &c.  Eight  Edition 
12mo ,40 

GRAMMAR   OF  COLOURING. 

Applied  to  Decorative  Painting  and  the  Arts.  By  G.  Field.  New 
Edition,  enlarged  by  £.  A.  Davidson.  With  Coloured  Plates.  12mo, 
cloth «1.20 

HOUSE     PAINTING,     GRAINING,     MARBLING,     AND 

SIQN  WRITING. 

With  a  Course  of  Elementary  Drawing,  and  a  Collection  of  Useful 
Receipts.  By  E.  A.  Davidson.  Ninth  Edition.  Coloured  Plates. 
12mo,  cloth S3.00 

ART  OF   LETTER   PAINTING   MADE   EASY. 

By  J.  G.  Badenoch.  With  12  full-pags  Enjcravings  of  Examples.    12mo, 

.60 


40       CROSBY  LOCKWOOD  6*  SON'S  CATALOGUE, 
PAINTING   POPULARLY   EXPLAINED. 

By  Thomas  John  Gullick,  Painter,  and  John  Timbs,  F.S.A.  Includ* 
ing  Fresco,  Oil,  Mosaic,  Water  Colour,  Water-Glass,  Tempera,  En- 
caustic,  Miniature,  Painting  on  Ivory,  Vellum,  Pottery,  Enamel,  Glass, 

Ac.     Sixth  Edition.     12mo,  cloth IS/£»00 

*it*  Adopted  as  a  Prize  Book  at  South  KenaingUm. 

GLASS  STAINING,   AND   PAINTING   ON   GLASS. 

From  the  German  of  Dr.  Gessbrt  and  Emanuel  Otto  Frombebo. 
With  an  Appendix  on  The  Art  of  Enamelling.     12mo,  cloth.  -Sl.OO 

WOOD-CARVING    FOR   AMATEURS. 

With  Hints  on  Design.  By  A  Ladt.  With  10  Plates.  New  and 
Cheaper  Edition.     12mo,  in  emblematic  wrapper ,^^ 


NATURAL  SCIENCE,  ETC. 


THE   VISIBLE   UNIVERSE. 

Chapters  on  the  Origin  and  Construction  of  the  Heavens.  By  J.  E. 
Gore,  F.R.A.S.,  Author  of  "Star  Groups,"  Ac.  Illustrated  by  6 
Stellar  Photographs  and  12  Plates.     Demy  8vo,  cloth S3,75 

STAR   GROUPS. 

A  Student's  Guide  to  the  ConBtellations.  Bv  J.  Ellard  Gore,  F.R.A.S. 
M.R.I.A.,  &c..  Author  of  "The  Visible  Universe,"  "The  Scenery  of  the 
Heavens,"  &c.     With  30  Maps.     Small  4to,  cloth 32.00 

AN   ASTRONOMICAL  GLOSSARY. 

Or,  Dictionary  of  Terms  used  in  Astronomy.  With  Tables  of  Data  and 
List.<«  of  Remarkable  and  Interesting  Celestial  Objects.  By  J.  Euuabo 
Gore,  F.R.A.S.     12mo,  cloth Sl.OO 

ASTRONOMY. 

By  the  late  Rev.  R.  Main,  M.A.,  F.R.S.  Third  Edition,  revised  by 
WiLLi.\M  Thynne  Lynn,  B.A.,  F.R.A.S.     12mo,  cloth .gQ 

THE   MICROSCOPE. 

Its  Construction  and  Management.  Including  Technique.  Photo-micro- 
graphy, and  the  Past  and  Future  of  the  Microscope.  By  Dr.  Henri 
VAN  Heurck,  Re- Edited  and  Augumented  from  the  Fourth  French 
Edition,  and  Translated  by  W^ynnb  E.  Baxter,  F.G.S.  Imp.  8vo, 
cloth 87.00 

MANUAL  OF  THE   MOLLUSCA: 

A  Treatise  on  Recent  and  Fossil  Shells.  By  Dr.  S.  P.  Woodward, 
A.L.S.  With  Apijendix  b/  Ralph  Tate,  A.L.S.,  F.G.S.  With 
numerous  Plates  and  300  Woodcuts.     12mo,  cloth, S3-00 

THE   TWIN   RECORDS  OF  CREATION. 

Or,  Geology  and  Genesis,  their  Perfect  Harmony  and  Woaderful  Con« 
cord.     By  G.  W.  V.  lb  Vaux.     8vo,  cloth S^.OO 

LARDNER'S   HANDBOOKS  OF  SCIENCE. 
HANDBOOK   OF   MECHANICS. 

Enlarged  and  re- written  by  B.  Lob  wy,  F. H- A.S.    8vo,  cloth . . 9^,40 
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LARDNER'S   HANDBOOKS  OF   SCIENCE— Con^tnu^d. 

HANDBOOK    OF     HYDROSTATICS    AND     PNEU- 
MATICS. 

Revised  and  En]ai«ed  byB.  Loewt.  F.R.A^.   Post  8vo,  cloth,  92.00 

HANDBOOK  OF   HEAT. 

Edited  and  re-written  by  B.  Loewt,  F.R.A.S.   Post  8vo,  cloth»  $^,40 

HANDBOOK  OF  OPTICS. 

New  Edition.     Edited   by  T.  Olter   Hardinq,  B.A.    Small  8vo. 
doth S2 .00 

ELECTRICITY,  MAGNETISM,  AND  ACOUSTICS. 

Edited  by  Qbo.  C.  Foster.  B.A.     Small  8vo,  cloth S9.00 

HANDBOOK   OF   ASTRONOMY. 

Revised  and  Edited  by  Edwi.v  Dunkin,  F.R.A.S.   8vo,  oloth,  ^,80 

MUSEUM   OF  SCIENCE   AND   ART. 

With  upwards  of  1 ,200  Engravings.   In  Six  Double  Vols,  cloth,  S7.50 
Half -morocco Sl/3.60 

NATURAL   PHILOSOPHY   FOR   SCHOOLS... . SI. 40 
ANIMAL   PHYSIOLOGY   FOR  SCHOOLS S1.40 

THE   ELECTRIC   TELEGRAPH. 

Revised  by  E.  B.  Bright,  F.R.A.S.    Fcap.  8vo,  cloth 81.00 


CHEMICAL  MANUFACTURES, 
CHEMISTRY,  ETC. 


THE   OIL   FIELDS   OF   RUSSIA   AND  THE     RUSSIAN 

PETROLEUM   INDUSTRY. 

A  Practical  Handbook  on  the  Exploration,  Ebcploit-ation,  and  Manage- 
ment  of  Russian  Oil  PropertieH,  including  Notes  on  the  Ori^n  of 
Petroleum  in  Russia,  a  Description  of  the  Theory  and  Practice  of 
Liquid  Fuel,  and  a  Tran<«lation  of  the  Rules  and  Ilegulationa  concern-, 
injj  Russian  Oil  Properties.  By  A.  Beeby  Thompson,  A.M.I.M.E., 
lat^  Chief  Ennineer  and  Manager  of  the  European  Petroleum  Company's 
Russian  Oil  Properties.  About  500  pp.,  with  numerous  lUiLstrations 
and  Photographic  Plates,  and  a  Map  of  the  Balakhany-Saboontchy- 
Homony  Oil  Field.     Super-royal  8vo,  cloth Net  97.50 

THE  ANALYSIS  OF  OILS  AND  ALLIED  SUBSTANCES. 

By  A.  C.  Wright,  M.A.Oxon.,  B.Sc.,  Lond. ,  formerly  Assistant  Lecturer 
in  Chemistry  at  the  Yorkshire  College,  Leeds,  and  Lecturer  in  Chemis- 
try at  the  Hull  Technical  School.     Demy  8vo.  cloth $3.50 

A   HANDYBOOK  FOR   BREWERS. 

Being  a  Practical  Guide  to  the  Art  of  Brewing  and  Malting.  Embracing 
the  Conclusions  of  Modem  Research  which  bear  upon  the  Practice  of 
Brewing.  By  Herbert  Edwards  Wright,  M.A.  Third  txlition. 
Enlarged.     530  pp.     12mo,  cloth /n  pre»9 

A  POCKET-BOOK  OF  MENSURATION  AND  GAUGING. 

Containing  Tables,  Rules,  and  Memoranda  for  Revenue  Officers, 
Brewers,  Spirit  Merchants,  <fec.  By  J.  B.  Mant,  Inland  Revenue. 
Second  Edition,  Ileviaed.     18mo,  leather Sl«60 
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THE  QAS   ENGINEER'S  POCKET-BOOK. 

Comprising  Tables,  Notes  and  Memoranda  relating  to  the  Manufacture, 
Di.xtribution  and  Use  of  Coal  Gas  and  the  Conatniction  of  Gas  Works. 
By  H.  O'Connor,  A.M.  Inst.C.E.  Second  Edition,  Revised.  470  pp.. 
12mo.  fully  Illustrated,  leather ^.50 

LIQHTINQ   BY  ACETYLENE 

Generators,  Burners,  and  Electric  Furnaces.  By  Wiluam  E.  Gibbs, 
M.E.     With  66  Illustrations.     12mo.  cloth $1.50 

ENGINEERING  CHEMISTRY. 

A  Practical  Treatise  for  the  Use  of  Analytical  ChtfOoiBts,  Engineers, 
Iron  Masters,  Iron  Founders,  Students  and  others.  Comprising 
Methods  of  Analvsis  and  Valuation  of  the  Principal  Materials  U5ed  in 
Engineering  Work,  with  numerous  Analyses,  Examples  and  Su^^sestiona. 
By  H.  Joshua  Phillips,  F.I.C,  F.C.S.  Third  Edition,  Revised  and 
Enlarged.     12mo,  420  pp.,  withlPlates  and  Illustrations,  cloth,  $4,50 

NITRO-EXPLOSIVES. 

A  Practical  Treatise  conoeming  the  Properties,  Manufacture,  and 
Analysis  of  Nitrated  Substances,  including  the  Fulminates,  Smokeless 
Powders,  and  Celluloid.  By  P.  Gerald  Sanford,  F.I.C^  Consulting 
Chemist  to  the  Cotton  Powder  Company,  Limited,  &c.  With  lUustra- 
tions.     12mo,  cloth $3.00 

A  HANDBOOK  OF   MODERN   EXPLOSIVES. 

A  Practical  Treatise  on  the  Manufacture  and  Use  of  D3mamite,  Gun- 
Coiton,  Nitro-Glycerine  and  other  Explosive  Compounds,  including 
Collodion-C/Otton.  With  Chapters  on  Explosives  in  Practical  Applica- 
tion.    By  M.  EiBSLER,  M.E.     Second  Edition,  Enlarged.     12mo,  cloth. 

S5.00 
DANGEROUS  GOODS. 

Their  Sources  and  Properties,  Modes  of  Storage  and  Transport.  ^  With 
Notes  and  Comments  on  Accidents  arising  therefrom.  A  Guide  for 
the  Use  of  Government  and  Railway  Officials,  Steamship  Owners,  &o. 
By  H.  Joshua  Philijps,  F.I.C,  F.C.S.     12mo,  374  pp..  cloth,  $3,50 

"Merits  a  wide  circulation, and  an  intelligent,  appreciative  study." — 
€n»0mical  News. 

A  MANUAL  OF  THE  ALKALI  TRADE. 

Including  the  Manufacture  of  Sulphuric  Acid,  Sulphate  of  Soda,  and 
Bleaching  Powder.  By  John  Lomas,  Alkali  Manufacturer.  W'ith 
232  Illustrations  and  Working  Drawings.  Second  Edition,  with 
Additions.     Super-royal,  8vo,  cloth SIO.OO 

THE  BLOWPIPE  IN  CHEMISTRY,  MINERALOGY,  Etc. 

Containing  all  known  Methods  of  Anhydrous  Analysis,  many  Working 
Examples,  and  Instructions  for  Making  Apparatus.  By  Lieut.-Colonel 
W.  A.  Koss,  R.A.,  F.G.S.    Second  Ed.,  Enlarged.  Ll2mo,  cloth.  $2.00 

THE   MANUAL  OF  COLOURS  AND   DYE-WARES. 

Their  Properties,  Applications,  Valuations,  Impurities  and  Sophistica- 
tions. For  the  Use  of  Dyers,  Printers,  Drysalters,  Brokers,  ice.  By 
J.  W.  Slater.  Second  Edition,  Revised  and  greatly  Enlarged.  12mo, 
cloth S3.00 

••  There  is  no  other  work  which  covers  precisely  the  same  ipound.  To 
students  preparing  for  examinations  in  dyeing  and  printing  it  will  prove 
•xoeedingly  usef  ul.'* — Chemical  News, 
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THE  ARTISTS'  MANUAL  OF  PIGMENTS. 

Showing  tlrair  Composition,  Conditiona  of  Permanency,  Non-Per- 
manency, and  Adulterations,  Ac,  with  Testa  of  Purity.  By  H.  C. 
Standaob.     Third  Edition.     12mo,  cloth SI  .00 

*'  This  work  is  indeed  multum-in-pcurvo,  and  we  can ,  with  good  conscience, 
recommend  it  to  all  who  come  in  contact  with  pigments,  whether  as  makers, 
dealera,  or  users.  '— Chemical  Review, 


INDUSTRIAL  ARTS,  TRADES,  AND 
MANUFACTURES. 


THE   CULTIVATION   AND    PREPARATION    OF    PARA 

RUBBER. 

By  W.  H.  Johnson,  F.L.S.,  F.R.H.S.,  Director  of  Agriculture,  Gold 
Ckiost  Colony,  West  Africa,  Commissioned  by  Government  in  1902  to 
visit  Ceylon  to  Study  the  Methods  employed  there  in  the  Cultivation 
and  Preparation  of  rara  Rubber  and  other  Agricultural  Staples  for 
Market,  with  a  view  to  Introduce  them  into  West  Africa.  Demy  8vo. 
cloth S3.00 

Summary  of  Contbntb: — Introductory. — The  Para  Rubber  Treb 
(Hevea  brasilieruis)  at  Homb  and  Abroad.— Cultivation  of  the  Trcb: — 
Profagation.  —  Site   for   Plantation.  —  Distance   Apart  to   Plant 

THE      TREi». TrANBPLANTINO. CULTIVATION. INSECT       PesTS      AND 

Fungoid  Diseases.  —  Collecting  the  Hubbkr:  —  Various  Methods 
Employed  in  Tapping  Rubber  Trees. — Flow  of  Latex  Increased  by 
Wounding  the  Tree. — How  to  Tap. — The  Preparation  op  Rubber 
FROM  THE  Latex: — Latkx. — ^Various  Methods  Employed  in  the  Prep- 
aration OF  Rubber. — Suggested  Method  for  Preparing  Rubber. — 
Scrap  Rubber. — Yield  of  Para  Rubber  from  Cultivated  Trees. — 
Ceylon. — Malay  Peninsula. — Gold  Coast,  West  Africa. — Establish- 
ment and  Maintenance  of  a  Para  Rubber  Plantation:  —  Ceylon. — 
Malay  Peninsula. — Commercial  Value  of  the  Oil  in  Hevea  Seeds. 

RUBBER   HAND   STAMPS 

And  the  Manipulation  of  Rubber.  A  Practical  Treatise  on  the  Manu- 
facture of  Inaia-nibber  Hand  Stamps,  Small  Articles  of  India-rubber, 
The  Hektograph,  Special  Inks,  Cements,  and  Allied  Subjects.  By 
T.  O'CoNOR  Six>ANE,  A.M.,  Ph.D.  With  numerous  I  Illustrations. 
Square  8vo,  cloth Sl.OO 

PRACTICAL   PAPER-MAKING. 

A  Manual  for  Paper-Makers  and  Owners  and  Managers  of  Papcr-Mills. 
With  Tables,  Oeuculations.  &c.  By  G.  Clapperton,  Paper-Maker. 
With  Illustrations  of  Fibres  from  Micro-Photographs.     12mo,  cloth, 

92.50 
THE   ART  OF   PAPER-MAKINQ. 

A  Practical  Handbook  of  the  Manufacture  of  Paper  from  Rags,  Esparto. 
Straw,  and  other  Fibrous  Materials.  Including  the  Manu''a?ture  of 
P*ulp  from  Wood  Fibre,  with  a  Description  of  the  Machinery  and 
Appliances  used.  To  which  are  added  Details  of  Processes  for  Recover- 
ing Soda  from  Waste  Liquors.  By  Alexander  Watt.  With  Illus- 
trations.    12mo,  cloth S3.00 

A   TREATISE   ON   PAPER. 

For  Printers  and  Stationers.  With  an  Outline  of  Paper  Manufacture; 
Comolete  Tables  of  Sises,  and  Specimens  of  Different  Kinds  of  Paper. 
By  Richard  Parkinson,  late  of  the  Manchester  Technical  School. 
Demy  8vo.  cloth S1.40 
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THE   ART  OF   SOAP-MAKINa. 

A  Practical  Handbook  of  the  Manufacture  of  Hard  and  Soft  Soaps, 
Toilet  Soapa,  &c.  Including  many  new  Processes,  and  a  Chapter  on 
the  Recovery  of  Glycerine  from  Waste  hcya.  By  Alexanorr  Watt. 
Sixth  Edition,  including  an  Appendix  on  Modem  CandJemaking. 
12mo,  cloth 4(3.O0 

"A  thoroughly  practical  treatise.  We  congratulate  the  author  on  the 
succeHs  of  his  endeavour  to  fill  a  void  in  English  technical  literature." — 
Nature. 

"The  work  will  prove  very  useful,  not  merely  to  the  technological  student, 
but  to  the  practical  soap  boiler  who  wishes  to  understand  the  theory  of  his 
art." — Chemical  New. 

THE   ART  OF   LEATHER   MANUFACTURE. 

A  Practical  Handbook,  in  which  the  Operations  of  Tanning,  Currying, 
and  Leather  Dressing  are  fully  Described,  and  the  Principles  of  Tanning 
Explained.  Together  with  a  Description  of  the  Arts  of  Glue  Boiling, 
Gut  Dressing,  &c.  By  Alexandkb  Watt.  Fifth  Edition,  thoroughly 
Revised  and  Enlarged.  8vo,  cloth Nearly  ready t  S4.00 

ART  OF   BOOT  AND   SHOEMAKINQ, 

Including  Measurement.  Last-fitting,  Cutting-out,  Closing,  and  Making; 
with  a  Description  of  the  most  Approved  Machinery  employed.  By 
J.  B.  Lkno.     12mo.  cloth ,gO 

*'Ry  far  the  best  work  ever  written  on  the  subject." — SeottUh  Leather 
Trader. 

COTTON   MANUFACTURE. 

A  Manual  of  Practical  Instruction  of  the  Processes  of  Opening,  Carding. 
Combing,  Drawing,  Doubling  and  Spinning  of  Cotton,  the  Methods  of 
Dyeing.  &c.  For  the  use  of  Operatives,  Overlookers,  and  Manu- 
facturers. By  John  Lister,  Technical  Instructor,  Pendleton.  8vo, 
cloth g3.00 

"A  distinct  adv^ance  in  the  literature  of  cotton  manufacture." — Machinery 

**It  is  thoroughly  reliable,  fulfilling  nearly  all  the  requirements  desired." 
Claegow  Herald. 

WATCH    REPAIRING,    CLEANING,    AND    ADJUSTING. 

A  Practical  Handbook  dealing  with  the  Materials  and  Tools  U»>d  and 
the  Methods  of  Repairing,  Cleaning,  Altering,  and  Adjusting  all  kinds 
of  English  and  Foreign  WatoheH,  Repeaters.  Chronographs,  and  Marine 
Chronometers.  By  F.  J.  Garrard,  Springer  and  Adjuster  of  Marine 
Chronometers  and  Deck  Watches  for  the  Admiralty.  With  over  200 
Illustrations.     12mo,  cloth S2.00 

MODERN  HOROLOGY,  IN  THEORY  AND  PRACTICE. 

Tranulated  from  the  French  of  Ciattdius  Saunikr,  ex-Director  of  the 
School  of  Horology  at  Macon,  by  JrLiKN  Tripplin,  F.R.A.S.,  Besancon 
Watch  Manufacturer,  and  Edw\rd  Rioo,  M.A.,  Assayer  in  the  Royal 
Mint.  With  Seventy-eight  Woodcut?  and  Twenty-two  Coloured 
Copper  Plates.     Second  Edition.     Super-royal,  8vo,  cloth . . . .  |J  1 5.0O 

Half-calf S18.00 

THE  WATCHMAKER'S  HANDBOOK. 

Intended  as  a  Workshop  Companion  for  those  engaged  in  Watchmaking 
and    the    Allied    Mechanical    ArtH.     Translated    from   the    French   of 
Cr.ArDiFM  SArvTF.K.  and  enlarged  by  JrucN  Trippun.  F.R.A?.,  and 
En w Ann  Rioo,  M.A.,  Assayer  in  tne  Rojral  Mint.     Fourth  E<lition 
12mo,  cloth S3.00 
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CLOCKS,  WATCHES,  &  BELLS  for  PUBLIC  PURPOSES, 

A  Rudimentary  Treatise.  By  Edmund  Beckbtt,  Lord  GaiirrHORPB, 
LL.D.,  K.C..  F.R.A.S.  Eighth  Edition,  with  new  List  of  Qi^at  Bells 
and  an  Appendix  on  Weathercocks.     12mo.  cloth tfl.80 

HISTORY  OF  WATCHES  &  OTHER  TIMEKEEPERS. 

By  Jambs  F.  Kendal,  M.B.H.Inst.     ,00  boards;  or  cloth,  gilt,  $1.00 

ELECTRO-PLATING  &  ELECTRO-REFINING  of  METALS. 

Being  a  new  edition  of  Alexander  Watt's  **ELECTRO-DEPOsrnoN." 
Ileviaed  and  Largely  Rewritten  by  Arnold  Philip,  B.Sc.,  A.LE.E., 
Principal  Assistant  to  the  Admiralty  Chemist.     8vo,  cloth S4.50 

ELECTROPLATING. 

A  Practical  Handbook  on  the  Deposition  of  Copper^ilver,  Nickel,  Gold, 
Aluminium,  Brass,  Platinum,  dec,  &c.  By  J.  W.  Urquhart,  C.E. 
Fifth  Edition,  Revised.     12mo,  cloth 82.00 

ELECTRO-METALLURGY, 

Practically  Treated.  By  Alexander  Wa'pt.  Tenth  Edition,  enlarged 
and  revised.  With  Additional  Illustrations,  and  including  the  most 
Recent  Processes.     12mo,  cloth S1.40 

GOLDSMITH'S  HANDBOOK, 

Containing  full  Instructions  in  the  Art  of  Allos^ng,  Melting,  Reducing, 
Ck)louring,  Collecting,  and  Refining.  The  Processes  of  Manipulation, 
Recovery  of  Waste,  Chemical  and  Physical  Properties  of  Gold;  Solders, 
Enamels,  and  other  useful  Rules  and  Recipes,  &c.  By  George  E. 
Gke.     Sixth  Edition.     12mo,  cloth SI. 20 

SILVERSMITH'S  HANDBOOK, 

On  the  same  plan  as  the  above.     By  GEORan  E.  Gek.    Third  Edition. 

12mo,  cloth 81.20 

^^t'^  The  two  preceding  Works,  in  One  handeome  Volume,  half-bound,  en- 
titled  "The  Goldsmith's  and  Silversmith's  Complete  Handbook,"  82.80 

JEWELLER'S  ASSISTANT  IN  WORKING   IN  GOLD. 

A  Practical  Treatise  for  Masters  and  Workmen,  Compiled  from  the 
Experience  of  Thirty  Years'  Workshop  Practice.  By  Georqb  E.  Gee. 
12mo 83.00 

HALL-MARKING   OF  JEWELLERY. 

Comprising  an  account  of  all  the  different  Assay  Towns  of  the  United 
Kingdom,  with  the  Stamps  at  present  employed ;  also  the  Laws  relating 
to  the  Standards  and  Hall-marks  at  the  Various  Assay  Offices.  By 
Gborqe  E.  Geb.     12mo,  cloth 81*20 

ELECTROTYPING. 

The  Reprorluction  and  Multiplication  of  Printing  Surfaces  and  Works 
of  Art  by  the  Electro- Deposition  of  Metals.  By  J.  W.  Urquhart,  C.E. 
12rao,  cloth 8'^.00 

MECHANICAL   DENTISTRY: 

A  Practical  Treatise  on  the  CoBStruction  of  the  Various  Kinds  of 
Artificial  Dentures,  comprising  also  Useful  Formulffi,  Tables  and 
Iteceipts.    By  C.  Hunter.     12mo,  cloth 81*20 

BRASS   FOUNDER'S   MANUAL: 

Instructions  for  Modelling,  Pattern  Making,  Moulding,  Turning,  &o. 
By  W.  Graham.     12mo,  cloth .SQ 
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SHEET  METAL  WORKER'S  INSTRUCTOR. 

Comprising  a  Selection  of  Geometrical  Problema  and  Practical  Rules 
for  'Describing  the  Various  Patterns  Required  by  Zinc.  Sheet-Iron, 
Copper,  and  Tin-PLate  Workers.  By  Redbkn  Henry  Warn.  Piacticai 
Tin- Plate  Worker.  New  Edition,  Revised  and  greatly  Enlarged  by 
Joseph  G.  Horner,  A.M.I.M.E.  12mo,  254  pp..  with  430  Illustra- 
tions, cloth ^3.00 

SHEET  METAL-WORKER'S  GUIDE. 

A  Practical  Handbook  for  Tinsmiths,  Copperaniths,  Zincworkers,  ice  . 
with  46  Diagrams  and  Working  Patterns.  By  W.  J.  E.  Crane.  Fourth 
Edition.     12mo,  cloth ,6Q 

OAS  FITTING: 

A  Practical  Handbook.  By  John  Black.  Revised  Edition  With 
130  Illustrations.     12mo,  cloth gl  .00 

*'  It  is  written  in  a  simple,  practical  style,  and  we  heartily  recommend  it." 
— Plun^)er  and  Decoralar, 

TEA   MACHINERY   AND  TEA   FACTORIES. 

A  Descriptive  Treatise  on  the  Mechanical  Appliances  required  in  the 
Cultivation  of  the  Tea  Plant  and  the  Preparation  of  Tea  for  the  Market. 
By  A.  J.  Wallis-Tatler,  A.M.lnst.C.E.  Medium  8vo,  468  pp.  With 
218  Illustrations SIO.OO 

summart  of  contents. 

Mechanical  Cultivation  or  Tillage  op  the  Soil. — Plucking  or 
Gathering  the  Leaf. — Tea  Factories. — The  Dressing.  Manufacture. 
OR  Preparation  op  Tea  bt  Mechanical  Means. — Artificial  Wither- 
ing OP  THE  Leaf. — Machines  for  Rolling  or  Curling  the  Leaf. — Fer- 
menting Process. — Machines  for  the  Automatic  Drying  or  Firing 
of  the  leaf. — Machines  for  Non-Automatic  Drying  or  Firing  of  the 
Leap. — Drying  or  Firing  Machines. — Breaking  or  Cutting,  and  Sort- 
ing Machines. — Packing  the  Tea. — Means  op  Transport  on  Tea  Plan- 
tations.— Miscellaneous  Machinery  and  Apparatus. — Final  Treat- 
ment OF  THE  Tea. — Tables  and  Memoranda. 

FLOUR   MANUFACTURE. 

A  Treatise  on  Milling  Science  and  Practice.  By  Friedrich  Kick, 
Imperial  Regierungsrath,  Professor  of  Mechanical  Technology  in  the 
Imperial  German  Polytechnic  Institute,  Prague.  Translated  from  the 
Second  Enlarged  and  Revised  Edition.  By  H.  H.  P.  Powles,  A.M. 
Inst.C.E.  400  pp.,  with  28  Folding  Plates,  and  167  Woodcuts.  Royal 
8vo,  cloth SIO.OO 

ORNAMENTAL  CONFECTION ERY- 

A  Guide  for  Bakers,  Confectioners  and  Pastrycooks;  including  a 
variety  of  Modem  Recipes,  and  Rtfnarks  on  Decorative  and  Coloured 
Work.     With  1 29  Original  Designs.     By  Robert  Wells.     I2mo,  cloth, 

BREAD    &    BISCUIT    BAKER'S    &    SUQAR-BOILER'S 

ASSISTANT. 

Including  a  large  variety  of  Modem  Recipes.  With  Remarks  on  the 
Art  of  Bread-making.  By  Robert  Wells.  Fourth  Edition.  12mo. 
cloth .50 

PASTRYCOOK  &  CONFECTIONER'S  GUIDE. 

For  Hotels,  Restaurants,  and  the  Trade  in  general,  adapted  also  for 
Family  Use.     By  R.  Wells,  Author  of  * '  The  Bread  and  Biscuit  Baker. " 

.40 
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MODERN   FLOUR  CONFECTIONER. 

Containing  a  large  Collection  of  Recipes  for  Cheap  Cakes,  Biscuits,  Ao. 
With  remarks  on  the  Ingredients  Used  in  their  Manufacture.  By  R. 
Wells 40 

SAVOURIES   AND   SWEETS 

Suitable  for  Luncheons  and  Dinners.  By  Miss  M.  L.  Allbn  (Mrs.  A. 
Macaire),  Author  of  "  Breakfast  Dishes,"  &c.  Thirtieth  Edition.  F'cap 
8vo,  sewed 4Q 

BREAKFAST   DISHES 

For  Every  Morning  of  Three  Months.  By  Miss  Allbk  (Mrs.  A. 
Macaire),  Author  of  "Savouries  and  Sweets,"  &c.  Twenty-second 
Edition.     F'cap  8vo,  sewed ,40 

MOTOR  CARS  OR  POWER  CARRIAGES  FOR  COMMON 
ROADS. 

By  A.  J.  Wallxs-Tatler,  A.M.Inst.C.E.     12mo,  cloth S1.80 

FRENCH    POLISHING   AND   ENAMELLING. 

A  Practical  Book  of  Instruction,  including  numerous  Recipes  from  mak- 
ing Polishes,  Varnishes,  Glaze  Lacquers,  Revivers,  Ac.  By  R.  Brr- 
MGAD.    12mo,  cloth .QQ 

CEMENTS,    PASTES,   GLUES,   AND   GUMS. 

A  Guide  to  the  Manufacture  and  Application  of  Agglutinants  for 
Workshop,  Laboratory,  or  Oflfice  Use.  With  900  Recipes  and  Formuln. 
By  H.  C.  Standaoe.     Crovim  8vo,  cloth ,gJQ 

PRACTICAL  ORGAN   BUILDING. 

By  W.  E.  Dickson,  M.A.,  Precentor  of  Ely  Cathedral.  Second  Edition. 
Revised.     12mo.  cloth Sl.OO 

COACH-BUILDING: 

A  Practical  Treatise,  Historical  and  Descriptive.  By.  J.  W.  BuRasaa. 
12mo,  cloth $1.00 

SEWING   MACHINERY. 

Construction,  History,  Adjusting,  &c.  By  J.  W.  Urqxjhart.  12mo, 
cloth ,80 

WOOD   ENGRAVING: 

A  Practical  and  Easy  Introduction  to  the  Study  of  the  Art.  By  W.  N. 
Brown.     12mo,  cloth OQ 

LAUNDRY  MANAGEMENT. 

A  Handbook  for  Use  in  Private  and  Public  Laundries.     12mo,  cloth 

.80 

CONSTRUCTION  OF  DOOR  LOCKS. 

From  the  Papers  of  A.  C.  Hobbs.  Edited  by  Charles  Tomlinsoit, 
F.R.S.  With  a  Note  upon  Iron  Safes  by  Robert  Mallet.  12mo, 
doth S1.0O 
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HANDYBOOKS  FOR  HANDICRAFTS. 

BY  PAUL  N.  HASLUCK, 
Author  of  "Lathe  Work,"  Ac.     12mo,  144  pp.,  price  50c.  each. 


Thet  H  ANDYBOOKa  have  been  toritten  to  tupply  information  for  Work- 
MBN,  Students,  and  Amatrurs  tn  the  aeveral  Handtcraftt,  on  the  actual 
Practice  of  the  Workshop,  and  are  intended  to  convey  in  plain  language 
Tkchnical  Knowledge  of  the  several  Crafts.  In  dewribing  the  proeeee^e 
employed,  and  the  manipidation  of  material,  workehop  terme  are  ueed;  work- 
ahop  practice  ia  fully  explained;  and  the  text  ie  freely  illtutrated  wiihdrawinga 
of  modem  toole^  appliancea,  and  proceaeea. 


METAL  TURNER'S  HANDYBOOK. 

A  Practical  Manual  for  Workers  at  the  Foot-Lathe.  With  100  Illus- 
trations        ,50 

WOOD  TUPNER'S   HANDYBOOK. 

A  Practical  Manual  for  Workers  at  the  Lathe.  With  over  100  Illus- 
trations        ,50 

WATCH   JOBBER'S   HANDYBOOK. 

A  Practical  Manual  on  Cleaning,  Repairing,  and  Adjusting.  With 
upwards  of  100  Illustrations ,50 

PATTERN   MAKER'S   HANDYBOOK. 

A  Practical  Manual  on  the  Construction  of  Patterns  for  Founders. 
With  upwards  of  100  Illustrations ,50 

MECHANIC'S   WORKSHOP   HANDYBOOK. 

A  Practical  Manual  on  Mechanical  Manipulation,  embracing  Informa- 
tion on  various  Handicraft  Processes.  With  Ut^eful  Not«8  and  Mis- 
cellaneous Memoranda.     Comprising  about  200  Subjects ,50 

MODEL   ENGINEER'S   HANDYBOOK. 

A  Practical  Manual  on  the  Construction  of  Model  Steam  Engines. 
With  upwards  of  100  Illustrations .• ,50 

CLOCK  JOBBER'S   HANDYBOOK. 

A  Practical  Manual  on  Cleaning,  Repairing,  and  Adjusting.  With 
upwards  of  100  Illustrations ,50 

CABINET  WORKER'S   HANDYBOOK. 

A  Practical  Manual  on  the  TooIa,  MateriaLs,  Appliances,  and  Processes 
employed  in  Cabinet  Work.     With  upwards  of  100  Illustrations.      ,50 

•'Mr.  Hasluck's  thorough -going  little  Handybook  is  amongst  tbe  most 
practical  guides  we  have  seen  for  beginners  in  cabinet-work." — Saturday 
Review. 

WOODWORKER'S   HANDYBOOK. 

Embracing  Information  on  the  Tools,  Materials,  Appliances,  and 
Processes  Employed  in  Woodworking.     With  104  Illustrations.      ,50 


COMMERCE,  COUNTING-HOUSE  WORK,  b'c.        49 


COKHERCE,    COUNTING-HOnSE    WORK, 

TABLES,  ETC. 


LESSONS   IN  COMMERCE. 

By  Professor  R.  Gambaro,  of  the  Royal  High  Commercial  School  at 
Genoa.  Edited  and  Revised  by  Jambs  Gault,  Professor  of  Conunerce 
and  Oommeroial  Law  in  King's  College,  London.  Fifth  Edition. 
12mo,  cloth ^1^  ^Q 


THE  FOREIGN  COMMERCIAL  CORRESPONDENT. 

Being  Aids  to  Commercial  Correspondence  in  Five  Languages — Elnfflish, 
French,  Gennan,  Italian,  and  Spanish.  By  Conrad  EH  Bakkr.  Third 
Edition,  Carefully  Revised  Throughout.     12mo,  cloth SI .80 


FACTORY  ACCOUNTS:  their  PRINCIPLES  &  PRACTICE. 

A  Handbook  for  Accountants  and  Manufacturers,  with  Appendices  on 
the  Nomenclature  of  Machine  Details;  the  Income  Tax  Acts;  the 
Rating  of  Factories ;  Fire  and  Boiler  Insurance ;  the  Factory  and  Work- 
shop Acts,  <!kc^  including  also  a  Glossary  of  Terms  and  a  large  number 
of  Specimen  Kulings.  By  Emilk  Garckb  and  J.  M.  Fblxa.  Fifth 
Edition,  Revised  and  Enlarged.     Demy  8vo,  cloth 83.00 


MODERN  METROLOQY. 

A  Manual  of  the  Metrical  Units  and  Systems  of  the  present  Century. 
With  an  Appendix  containing  a  proposed  Ene^ish  Svstem.  By 
LowiB  d'A.  Jacksok,  A.M  Inst.C.E.,  Author  of  "Aid  to  Survey  Prac- 
tice," Ac.    8vo,  cloth 85.00 


A  SERIES  OF   METRIC  TABLES. 

In  which  the  British  Standard  Measures  and  Weights  are  compared 
with  those  of  the  Metric  System  at  present  in  Use  on  the  Contment. 
By  C.  H.  DowuNO,  C.E.    8vo,  cloth 84.00 


IRON-PLATE  WEIGHT  TABLES. 

For  Iron  Shipbuilders,  Engineers,  and  Iron  Merchants  Contfining  the 
Calculated  Weights  of  upwards  of  150.000  diflFerent  siies  of  Iron  Plates 
from  1  foot  by  o  in.  by  f  in*  to  10  feet  by  5  feet  bv  1  in.  Worked  out 
on  the  Basis  of  40  lbs.  to  the  square  foot  of  Iron  of  1  inch  in  thickness. 
By  H.  BuBUNSON  and  W.  H.  Simpson.    4to,  half -bound . . .  .810.00 
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AGRICULTURE,  FARMING, 
GARDENING,  ETC. 


THE    COMPLETE    QRAZIER    AND    FARMER'S    AND 

CATTLE   BREEDER'S  ASSISTANT. 

A  Compendium  of  Husbandry.  Originally  Written  by  William 
YouATT.  Fourteenth  Edition,  entirely  Ke-written,  considerably  En- 
larged, and  brought  up  to  Present  Requirements,  by  William  Fhbam. 
LL.t).,  AjMistant  Commissioner,  Royal  Commission  on  Agriculture, 
Author  of  "The  Elements  of  Agriculture,"  Ac.  Royal,  8yo,  1,100  pp., 
450  Illustrations,  handsomely  bound Sl<3.00 

STOCK:  CATTLE,   SHEEP,   AND   HORSES. 

Vol.  III.— OUTLINES  OF  MODERN  FARMING.  By  R.  Scott  Burk. 
Woodcuts.     12mo,  cloth S1«00- 

SHEEP: 

The  History,  Struotiire,  Economy,  and  Diseases  of.  By  W.  C.  Spoonsr. 
Fifth  Edition,  with  Engravings,  including  Specimens  of  New  and 
Improved  Breeds.     12mo,  cloth Sl«40 

MEAT   PRODUCTION: 

A  Manual  for  Producers,  Distributors,  and  Consumers  of  Butchers^ 
Meat.     By  John  Ewart.     12mo,  cloth Sl-00 

MILK.   CHEESE,   AND  BUTTER. 

A  Practical  Handbook  on  their  Properties  and  the  Procesees  of  their 
Production.  Including  a  Chapter  on  Cream  and  the  Methods  of  its 
Separation  from  Milk.  By  John  Oliver,  late  Principal  of  the  Western 
Dairy  Institute,  Berkeley.  With  Coloured  Plat«s  and  200  Illustra- 
tions.    12mo,  cloth S3«00 

BRITISH    DAIRYING. 

A  Handy  Volume  on  the  Work  of  the  Dairy-Farm.  For  the  Use  of 
Technical  Instruction  Classes,  Students  in  Agricultural  CoUeaes  and 
the  Working  Dairv-Farmer.  By  Prof.  J.  P.  Shsldon.  Witn  Illus* 
trations.     Second  Edition,  Revised.     12mo,  cloth S1*00 

DAIRY,    PIGS,    AND    POULTRY. 

Vol.  IV.  OUTLINES  OF  MODERN  FARMING.  By  R.  Swir 
Burn.     Woodcuts.     12mo,  cloth .^ 

THE   ELEMENTS  OF   AGRICULTURAL  GEOLOGY. 

A  Scientific  Aid  to  Practical  Fanning.  By  Primrobb  McConnsll. 
Author  of  ' '  Note-book  of  Agricultural  Facts  and  Figures."    8vo,  cloth, 

V7m50 

SOILS,   MANURES,   AND  CROPS. 

Vol.  I.— OUTLINES  OF  MODERN  FARMING.  By  R.  Scorr  Burn. 
Woodcuts.     12mo,  cloth .80 

FERTILISERS  AND   FEEDING   STUFFS. 

Their  Properties  and  Uf«s.  A  Handbook  for  the  Practical  Fanner. 
By  Bernard  Dtrr,  D.Sc.  (Lond.)  With  the  Text  of  the  Fertilisers 
and  Feeding  Stuffs  Act  of  1893oThe  Regulations  and  Forms  of  thr 
BoaM  of  Agriculture,  and  Notes  on  the  Act  by  A.  J.  David,  B.A., 
LL.M.     Fourth  Edition,  Revised.     12mo,  cloth .40 

THE     ROTHAMSTED     EXPERIMENTS     AND     THEIR 

PRACTICAL  LESSONS  FOR   FARMERS. 

Part  I.    Stock.    Part  II.  Crops.     By  C.  J.  R.  Tipper.     12mo.  cloth 

si.4a 


AGRICULTURE,  FARMING,  GARDENING,  b*c,   51 
SYSTE/VIATIC  SMALL   FARMING. 

Or,  The  Lessons  of  My  Farm.  Being  an  Introduction  to  Modem  Farm 
Pra?tioe  for  Small  Farmers.  By  R.  Scott  Burn,  Author  of  "Outlines 
of  Modem  Farming,"  Ac.     12mo,  cloth S^«40 

THE   FIELDS  OF  GREAT  BRITAIN. 

A  Text-Book  of  Agriculture.  Adapted  to  the  Syllabus  of  the  Science 
and  Art  Department.  For  Elementary  and  Advanced  Students.  By 
Hugh  Clbmbnts  (Board  of  Trade).  Second  Edition,  Revised,  witn 
Additions.     18mo,  cloth ^1.00 

OUTLINES  OF   MODERN   FARMING. 

By  R.  Scott  Burn.  Soils,  Manures,  and  Crops — Farming  and  Farming 
Economy — Cattle,  Sheep,  and  Horses — Management  of  Dairy,  Pigs, 
and  Poultry — Utilisation  of  Town -Sewage,  Irrigation.  Ac.  Sixth 
Edition.     In  One  Vol.,  1,250  pp.,  half -bound,  profusely  Illustrated. 

S4.80 

FARM  ENGINEERING,  The  COMPLETE  TEXT-BOOK  of. 

Comprising  Draining  and  Embanking;  Irrigation  and  Water  Supply; 
Farm  Roads,  Fences  and  GSates;  Farm  Buildings;  Bam  Implements 
and  Machines*  Field  Implements  and  Machines;  Agricultural  Survey- 
ing, Ac.  By  Professor  John  Scott.  1,160  pp.,  half -bound,  with  over 
600  Illustrations $4.80 

DRAINING   AND   EMBANKING. 

A  Practical  Treatise.  By  John  Scott,  late  Professor  of  Agriculture 
and  Rural  Economy  at  the  Rosral  Agncultural  College,  Cirencester. 
With  68  Illustrations.     12mo,  cloth .QO 

"A  valuable  handbook  to  the  engineer  as  well  as  to  the  surveyor." — Land. 

IRRIGATION   AND   WATER   SUPPLY: 

A  Practical  Treatise  on  Water  Meadows,  Sewage  Irrigation,  Warping, 
dec;  on  the  Construction  of  Wells,  Ponds,  and  Reservoirs,  Ac.  By 
Professor  J.  Scott.     12mo,  cloth ,Q0 

FARM  ROADS,  FENCES,  AND  GATES: 

A  Practical  Treatise  'on  the  Roads,  Tramwa3r8,  and  Waterways  of  the 
Farm;  the  Principles  of  Enclosures:  and  on  Fences,  Gates,  and  Stiles. 
By  Professor  John  Scott.     12mo,  cloth ,6Q 

BARN   IMPLEMENTS   AND   MACHINES: 

Treating  of  the  Application  of  Power  to  the  Operations  of  Agriculture 
and  of  the  various  Machines  used  in  the  Threshin^-bam,  in  the  Stocks 
yard,  Dairy,  &o.  By  Professor  John  Scott.  With  123  Illustrations. 
12mo,  cloth 80 

FIELD   IMPLEMENTS  AND   MACHINES: 

With  Principles  and  Details  of  Construction  and  Points  of  Excellence* 
their  Management.  Ac.  By  Professor  John  Scott.  With  138  Illus- 
trations.    12mo,  cloth ,80 

AGRICULTURAL  SURVEYING . 

A  Treatise  on  Land  Surveying,  Levelling,  and  Setting-out;  with  Direc- 
tions for  Valuing  and  Reportmg  on  Farms  and  Estates.  By  Professor 
J.  Scott.    12mo,  cloth QO 

OUTLINES  OF   FARM    MANAGEMENT. 

Treating  of  the  General  Work  of  the  Farm;  Stock;  Contra^  Work, 
Labour,  Ae.    By  R.  Scott  Bvsn.     12mo,  cloth 91.0O 

OUTLINES  OF   LANDED   ESTATES  MANAGEMENT. 

Treating  of  the  Varieties  of  Lands,  Methods  of  Farming,  the  Setting-out 
of  Farms,  ^c;  Roads,  Fences,  Gates,  Irrigation,  Drainage,  &c.  By 
R.  S.  Burn.    ISmo,  cloth Sl.OO 
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FARMING   AND   FARMING   ECONOMY. 

Historical  and  Practical.  Vol.  II.— OUTLINES  OF  MODERN 
FARMING.    By  R.  Scott  Bukn.     12ino.  cloth %tJZO 

UTILIZAIION   OF  SEWAGE,    IRRIGATION,   &c. 

Vol.  v.— OUTLINES  OF  MODERN  FARMING.  By  R.  Seem-  BuRir. 
Woodcuts.     12mo,  cloth Sl.OND 

NOTE-BOOK  OF  AGRICULTURAL  FACTS  &  FIGURES 

FOR  FARMERS  AND  FARM  STUDENTS. 

By  Primrose  McConnbli..  B.Sc.,  FeUow  of  the  Hishland  and  Agri- 
cultural Society,  Author  of  "Elements  of  Farminf."  Seventh  Edition, 
Re- written.  Revised,  and  greatly  Enlarged,  reap.  8vo.  480  pp., 
leather,  gilt  edges [JuH  Published,    $3.00 

TABLES  and  MEMORANDA  for  FARMERS,  GRAZIERS, 
AGRICULTURAL  STUDENTS,  SURVEYORS.  LAND  AOENTS, 
AUCTIONEERS.  Ac 

With  a  New  System  of  Farm  Book-keeping.  By  Sidnkt  Francis. 
Fifth  Edition.     272  pp.,  waistcoat-pocket  sije,  limp  leather. . .       .QO 

THE   HAY   AND  STRAW   MEASURER: 

New  Tables  for  the  Use  of  Auctioneers,  Valuers,  Fanners,  Hay  and 
Straw  Dealers,  Ac,  forming  a  complete  Calculator  and  Reiidy  Reck- 
oner.    By  John  SresLe.     12mo,  cloth ,gQ 

READY  RECKONER  FOR  ADMEASUREMENT  OF  LAND. 

By  A.  Arm  AN.  Revised  and  extended  by  C.  Norbis,  Surveyor.  Fifth 
Edition.     12mo,  cloth ^gQ 

THE  HORTICULTURAL  NOTE-BOOK. 

A  Manual  of  Practical  Rules.  Data,  and  Tables,  for  the  use  of  Students. 
Gardeners,  Nursersrmen,  and  others  interested  in  Flower,  Fruit,  and 
Vegetable  Culture,  or  in  the  Laving-out  and  Management  of  Gardens. 
By  J.  C.  NewsHAM,  F.R.H.S.,  Headmaster  of  the  Hampehire  County 
Council  Horticultural  School.  With  numerous  Illustrations.  Fc^k 
8vo,  cloth [Juat  Pvbii$hed.    S3.00 

MARKET  AND   KITCHEN  GARDENING. 

By  C.  W.  Shaw,  late  Editor  of  "Gazdening  Illustrated."    Crown  8vo, 

S1.40 
A  PLAIN  GUIDE  TO  GOOD  GARDENING; 

Or,  How  to  Grow  Vegetables,  Fruits,  and  Flowers.  By  S.  Wood. 
Fourth  Edition,  with  considerable  Additions,  and  numerous  Illustra- 
tions.    12no.  cloth Sl*40 

THE   FORCING  GARDEN; 

Or,  How  to  Grow  Early  Fruits.  Flowers  and  Vegetables.  With  Plans 
and  R«timates  for  Building  Glasshouses,  Pits  and  Frames.  With 
Illustrations.     BySAMUEi.  Wood.     12mo.  cloth %\  ^ 

KITCHEN  GARDENING   MADE   EASY. 

Showing  the  best  means  of  Cultivating  every  known  Vegetable  and 
Herb.  £c.,  with  directions  for  management  all  the  year  round.  By 
Geo.  M.  F.  Glennt.     Illustrated.     l2mo,  cloth ,0f^ 

COTTAGE  GARDENING; 

Or.  Flowers,  Fruits,  and  Vegetables  for  Small  Gardens.  By  E.  Hobdat. 
12mo,  cloth ,60 

GARDEN   RECEIPTS. 

Edited  by  Charles  W.  Qftn.     Fourth  Edition.     12mo,  cloth,      jQQ 

MULTUM-IN-PARVO  GARDENING; 

Or.  How  to  Make  One  Acre  of  Land  produce  S3007  a  year,  by  the 
Cultivation  of  Fruits  and  Vegetables:  al^o.  How  to  Grow  Flowers  in 
Three  Glan  Houses,  so  as  to  realise  S853JB0 per  annum  clear  Profit. 
Bv  S\iirEL  Wood,  Author  of  "Good  Gardening,"  Ac.  Sixth  Edition. 
12mo,  paper. ,5Q 
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THE  LADIES'  MULTUM-IN-PARVO  FLOWER  GARDEN. 

And  Amateur's  Complete  Guide.    By  S.Wood.     12mo,  cloth,  ^1 ,40 

FRUIT  TREES, 

The  Soientific  and  Profitable  Culture  of.  From  the  French  of  M.  Dn 
Breuil.  Fifth  Edition,  carefully  Revised  by  George  Glbnny.  With 
187  Woodcuts.  12mo,  cloth S1.40 

ART  OF  QRAFTINQ  AND  BUDDING. 

By  Charles  Baltet.    With  Illustrations.     12mo,  cloth 81*00 

TREE   PRUNER: 

Being  a  Practical  Manual  on  the  Pruning  of  Fruit  Trees,  including  also 
their  Training  and  Renovation,  also  treating  of  the  Pruning  of  Shrubs, 
Climbera,  and  Flowering  Plants.  With  numerous  lUustrations.  By 
Samuel  Wood,  Author  of  "Good  Gardening,"  Ac.     12mo,  cloth.    .QQ 

TREE  PLANTER  AND  PLANT  PROPAGATOR: 

With  numerous  Illustrations  of  Grafting,  Layering,  Budding,  Imple- 
ments, Houses,  Pits,  Ac.     By  S.  Wood.     12mo,  cloth ,80 

"  Soimd  in  its  teaching  and  very  comprehensive  in  its  aim.    It  is  a  good 
book." — Gardeners'  Mttgaziru. 

***  The  above  Two  Vole,  in  One,  handeomely  half -bound,  enlUled  "Tbb 
Tree  Planter,  Propagator    and  Pruner."    By  Samuel    Wood. 

81.40 
THE  CULTIVATION   AND   PREPARATION    OF    PARA 

RUBBER. 

By  W.  H.  Johnson,  F.L.S.,  F.R.H.S.     8vo,  cloth Net  83,00 

For  Summary  of  Contents,  see  page  43. 

BEES   FOR   PLEASURE   AND   PROFIT. 

A  Guide  to  the  Manipulation  of  Bees,  the  Production  of  Honey,  and  the 
General  Management  of  the  Apiary.  By  G.  Gordon  Samson.  With 
numerous  Illustrations.     12mo,  wrapper ,40 
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TREATISE   ON   MATHEMATICS, 

As  applied  to  the  Constructive  Arts.  By  Francis  Campin,  C.E.,  Ac. 
Third  Edition.     12mo,  cloth S1.20 

SLIDE   RULE,   AND   HOW  TO   USE   IT. 

Containing  full,  easy,  and  simple  Instructions  to  perform  all  Business 
Calculations  with  unexamplea  rapidity  and  accuracy.  By  Charles 
Ho  ARE,  C.E.  With  a  Slide  Rule,  in  tuck  of  cover.  Eighth  Edition. 
12mo 81,00 

MATHEMATICAL  TABLES, 

For  Trigonometrical,  Astronomical,  and  Nautical  Calculations;  to 
which  is  prefixed  a  Treatise  on  Logarithms.     By  H.  Law,  C.E.     To- 

Sither  with  a  Series  of  Tables  for  Navigation  and  Nautical  Astronomy, 
y  Professor  J.  R.  Youno.     New  Edition.     12mo,  cloth 81. 60 

LOGARITHMS. 

With  Mathematical  Tables  for  Trigonometrical.  Astronomical,  and 
Nautical  Calculations.  By  Hbnrt  Law,  C.E.  Revised  Edition. 
(Forming  psurt  of  the  preceding  work.)     12mo,  cloth Sl«20' 


54       CROSBY  LOCKWOOD  6*  SON'S  CATALOGUE, 
EUCLID, 

The  Elements  of ;  with  many  Additional  Propoeitions  and  Explanatory 
Notea;    to  which  ia  prefixed  an  Introductory  Eeaay  on  Logic.     By 

HsNRT  Law.  C.E.     12mo,  cloth ^l.OU 

•«*  Sold  (xUo  teparaleiy^  viz.:-^ 

EUCLID.     The  First  Three  Books.     By  Henrt  Law.  C.E.     Crown  8vo, 
cloth .60 

EUCLID.     Books  4,  5,  6,  11,  12.     By  Henrt  Law,  C.E.     Crown  8vo, 
cloth (JO 

THEORY  OF  COMPOUND  INTEREST  AND  ANNUITIES, 

With  Tables  of  Logarithms  for  the  more  Difficult  Ccmputationf;  of 
Interest,  Discount,  Annuities,  &c.,  in  all  their  Application?  and  Uses 
for  Mercantile  and  State  Purposes.  By  Fedor  Thoman,  of  the  Soci(?t^ 
Cr^t  Mobilier,  Paris.     Fourth  Edition.     12mo,  cloth 551.00 

ARITHMETIC, 

Rudimentary,  for  the  Use  of  Schools  and  Self-Inst ruction.  By  James 
Hadoon,  M.A.     Revised  by  Abraham  Aru AN.     12mo,  cloth..       ,Q0 

ARITHMETIC, 

A  Rudimentary  Treatise  on:  with  full  Explanations  of  its  Theoretical 
Principles,  and  numerous  Examples  for  Practice.  For  the  use  of 
Schools  and  for  Self- Inst  ruction.  By  J.  R.  Young,  late  Professor  of 
Mathematics  in  Belfast  College.     14th  Ed.     12mo,  cloth ,00 

KEY  TO   THE   ABOVE. 

By  J.  R.  YouNO.     12mo,  cloth 00 

EQUATIONAL  ARITHMETIC, 

Applied  to  Questions  of  Interest ,  Annuities,  Life  Assurance ,  and  General 
Commerce:  with  various  Tables  by  which  all  calculations  may  be 
greatly  facilitated.     By  W.  Hipsley.     12mo,  cloth ,00 

COMMERCIAL   BOOK-KEEPING. 

With  Commercial  Phrases  and  Forms  in  English,  French,  Italian,  and 
German.  By  James  Haddon,  M.A.,  formerly  Mathematical  Master, 
King's  College  School,     12mo,  cloth ,00 

ALGEBRA, 

The  Elements  of.  By  James  Haddon,  M.A.,  formerly  Mathematical 
Master  of  King's  College  School.  With  Appendix,  containing  Mis- 
cellaneous Investigations,  and  a  collection  of  Problems.     12mo,  cloth, 

.80 
KEY  AND  COMPANION  TO  THE  ABOVE. 

An  extensive  repository  of  Solved  Examples  and  Problems  in  Illustra- 
tion of  the  vanous  Expedients  necessary  in  Algebraical  Oi^erations. 
By  J.  R.  Young.     12mo,  cloth ,00 

DESCRIPTIVE   GEOMETRY, 

An  elementary  Treatise  on;  with  a  Theory  of  Shadows  and  of  Per- 
spective extracted  from  the  French  of  G.  NIonge.  To  which  is  added 
a  Description  of  the  Principles  and  Practice  of  Isometrical  Projection. 
By  J.  F.  Heather,  M..\.     With  14  Plates.     12mo,  cloth 80 

PRACTICAL   PLANE   GEOMETRY: 

Giving  the  Simplest  Modes  of  Constructing  Figures  contained  in  one 
Plane  and  Geometrical  Constructions  of  the  Ground.  By  J.  F.  Heather, 
M.A,     12mo,  cloth 80 


MATHEMATICS,  ARITHMETIC,  dfc.  55 

ANALTYICAL  QEOMETRY   AND   CONIC   SECTIONS. 

By  J.  Hakn.     Enlarged  by  Professor  J.  R.  Yotjno.     Crown  8vo,  cloth, 

.80 

PLANE  TRIGONOMETRY, 

The  Elements  of.    By  James  Hann,  M.A.    Seventh  Edition.     12mo, 

.60 

SPHERICAL  TRIGONOMETRY, 

The  Elements  of.  By  J.vmbs  Hank.  Revised  by  Cbarlbs  H.  Dow. 
LINO,  C.E.     12mo,  cloth ^4Q 

*^*Or  with  '*The  Elementa  of  Plane  Trigonometry,"  in  One  Vol,     Crown 
8vo.  cloth 81.00 

DIFFERENTIAL  CALCULUS, 

Elements  of  the.    By  W.  S.  B.  Woolhouse.     12mo,  doth. . . .      ^QQ 

INTEGRAL  CALCULUS. 

By  HoiCBRSHAM  Cox,  B.A.     12mo,  cloth ^qo 

MATHEMATICAL   INSTRUMENTS, 

A  Treatise  on;  Their  Construction,  Adjustment,  Testing  and  Use  con- 
cisely explained.  By  J.  F.  Heather,  M.A.,  of  the  Koyal  Military 
Academv,  Woolwich.  Fifteenth  Edition,  Revised  with  Additions,  by 
A,  T.  Wai.mi81.ey,  M.Inst.C.E,.  Fellow  of  the  Surveyors'  Institution. 
Original  Edition  in  One  Vol.,  Illustrated.     12mo,  cloth ,§0 

*«♦  In  ordering  he  careful  to  aay  *' Original  Edition"  to  diatinguieh  it  from  t?ie 
Enlarged  Edition  in  Three  Vole  («ee  below). 

DRAWING   AND   MEASURING    INSTRUMENTS. 

Including — I.  Instruments  employed  in  Geometrical  and  Mechanical 
Drawing,  and  in  the  Construction,  Copying,  and  Measurement  of  Maps 
and  Plans.  II.  Instruments  used  for  the  purposes  of  Accurate  Measure- 
ment, and  for  Arithmetical  Computations.  By  J.  F.  Heather,  M.A. 
12rao .60 

OPTICAL   INSTRUMENTS. 

Including  (more  especially)  Telescopes,  Microscopes,  and  Apparatus  for 

E reducing  copies  of  Maps   and   Plans   by  Photography.     By  J.   F. 
[eather,  M.A.     Illustrated.     12mo,  cloth ^qq 

SURVEYING   AND   ASTRONOMICAL   INSTRUMENTS. 

Including — I.  Instruments  used  for  Determining  the  (xeometrical 
Features  of  a  portion  of  Ground.  II.  Instnunents  employed  in 
Astronomical  Observations.  By  J.  F.  Heather.  M.A.  Illustrated. 
12mo,  cloth .gQ 

%*  The  above  Three  Volumes  form  an  Enlargement  of  the  AtUhor*$  original 
work^  '*  Mathematical  Inetrumente"  price  ,80. 

MATHEMATICAL   INSTRUMENTS: 

Their  Construction,  Adjustment,  Testing,  and  Use.  Comprising  Draw- 
ing, Measuring,  Optical.  Surveying,  and  Astronomical  Instruments. 
By  J.  F.  Heather.  M.A.  Enlarged  Edition,  for  the  most  part  re- 
written.     Three  parts  as  above.     12mo,  cloth S1.80 

STATICS   AND   DYNAMICS, 

The  Principles  and  Practice  of ;  embracing  also  a  clear  development  of 
Hydrostatics,  Hydrodynamics,  and  Central  Forces.  By  T.  Baker, 
C.E.    Fourth  Edition.     12mo,  cloth gQ 


S6        CROSBY  LOCKWOOD  dr-  SON*S  CATALOGUE. 


LAW   AlfD    MISCELLANEOUS. 


PATENTS  for  INVENTIONS.  HOW  to  PROCURE  THEM. 

Compiled  for  the  Use  of  Inventors,  Patentees  and  others.  By  G.  G.  M. 
Hardinoham,  Assoc.  Mem.  Inst.  C.E.,  Ac.     Demy  8vo,  cloth,      jQQ 

DICTIONARY   OF   PAINTERS, 

And  Handbook  for  lecture  Amateurs;  being  a  Guide  for  Visitors  to 
Public  and  Private  Picture  Galleries,  and  for  Art  Students  including 
Glossary  of  Terms,  &c.  By  Philippe  Daryl,  B.A.   12mo,  cloth.  91,00 

DICTIONARY  OF  TERMS  USED  IN  ARCHITECTURE. 

Building  Engineering,  Mining,  Metallurgy,  Archteology,  the  Fine  Arts, 
&c.  By  John  Wealr.  Sixth  Edition.  Edited  by  Robt.  Hunt, 
F.R.S.     Numerous  Illustrations,  12mo,  cloth S2«00 

NATURAL   PHILOSOPHY. 

For  the  Use  of  Beginners.     By  C.  Tomunson,  F.R.S.    12mo,  cloth, 

.60 
HANDBOOK  OF   FIELD   FORTIFICATION. 

By  Major  W.  W.  Knollyb,  F.R.G.S.     12mo.  cloth $1.1^ 

COMPENDIOUS  CALCULATOR 


{IntuUive  CaJUndationaY  or  Ea.iy  and  Concise  Methods  of  perf onnin^;  the 
various  Arithmetical  Operations  required  in  Commercial  and  Business 
Transactions :  together  with  Useful  Tables,  &q.   By  Daniel  O'Gorman. 


various  Arithmetical  Operations 

Transactions:  together  with  Usef ,  —    _ ^  _ 

Twenty-eighth  Edition,  revised.by  C.  Norris.     12mo,  cloth. .  .$1.00 

MEASURES.     WEIGHTS,     AND     MONEYS     OF     ALL 

NATIONS. 

And  an  Analysis  of  the  Christian,  Hebrew,  and  Mahometan  Calendars. 
By  W.  S.  B.  WooLHOUSE,  F.R.A.S.     7th  Ed.     12mo,  cloth.  -81,00 

SPANISH   GRAMMAR. 

In  a  Simple  and  Practical  Form.  With  Exercises.  By  Alfred  Elwks. 
12mo,  cloth ,00 

SPANISIi-ENGLISH      AND      ENGLISH-SPANISH      DIC- 
TIONARY. 

Including  a  large  number  of  Technical  Terms  used  in  Mining,  Engineer- 
ing, &c.,  with  tne  proper  Accents  and  the  Gender  of  every  Noun.  By 
Alfred  Elwes.     12mo,  cloth Sl«60 

PORTUGUESE   GRAMMAR. 

In  a  Simple  and  Practical  Form.  With  Exercises.  By  Alfred 
Elwes.     12mo,  cloth ,60 

PORTUGUESE-ENGLISH        AND        ENGLISH-PORTU- 

QUESE   DICTIONARY. 

Including  a  large  number  of  Technical  Terms  used  in  Mining,  En^neer- 
ing,  Ac,  with  the  proper  Accents  and  the  Gender  of  every  Noun.  By 
Alfred  Elwes.     Fourth  Edition,  revised.     12mo,  cloth S2.00 

ANIMAL   PHYSICS, 

Handbook  of.  By  Dioinrsiua  Lardner,  D.C.L.  With  520  Illustra- 
tions.    In  One  Vol.  (732  pages).     12mo,  cloth S3.00 

MUSIC, 

A  Rudimentary  and  Practical  Treatise  on.    By  C.  C.  Spencer.    12mo, 

SI  .00 
PIANOFORTE, 

The  Art  of  Playing  the.  With  Exercises  and  lessons.  By  C.  G. 
Spencer.     12mo,  cloth ,00 


INDEX  OF  SUBJECTS. 


Acetylene  Gas,  Gibbs,  4a 

Acoustics,  Smithy  35 

Aerial  Navigation,  Walker,  11 

Tramways,  Tayler,  2 

Agricultural    Geology,    McCon- 

nellj  50 

Note  Book,  McConnell,  52 

Surveying,  ScoU^  51 

Air  Machinery,  Weisbachf  9,  22 
Algebra,  Haofhrif  54 
Alkali  Trade,  Lomas,  42 
Alphabets,  DelamoUe,  39 
Alternating   Current   Machines, 

Sheldon  and  Mason^  29 
Animal  Physics,  Lardner,  56 

Physiology,  Lardner,  41 

Arches,  Piers,  &c..  Bland,  32 
Architect's  Guide,  Rogers,  34 
Architectural    Modelling,   Rich' 

ardson,  34 
Architecture,  Ancient,  34 

Civil,  Chambers,  34 

Design,  Garbeit,  34 

Grecian,  Aberdeen,  35 

Mechanics  of,  Tarn,  34 

Modem,  34 

of  Vitruvius,  Gwill,  35 

Orders,  Leeds,  34 

Orders  and  Styles,  34 

Styles,  Bury,  34 

Arithmetic,  Haddon,  54 

Young,  54 

Equational,  Hipsley,  54 


Armature,  Windings,  Arnold,  39 
Artists*  Pigments,  Siandage,  43 
Asbestos,  Jones,  27 
Astronomical  Glossary,  Gore,  40 
Astronomy,  Lardner,  41 
Mam  and  Lynn,  40 

Bam  Implements,  ScoU,  51 

Beams,  Flexure  of,  Guy,  18 

Bees,  Samson,  53 

Blasting,  Burgoyne,  19 

Blowpipe,  i^ow,  42 

Boiler  and  Factory  Chimneys^ 

Wilson,  4 
Boilers,  Armstrong,  5 

Bauer,  20 

Courtney,  3 

/'ofcy,  3 

Homer,  4 

HuUon,  3 

Wilson,  4 

Book-keeping,  Haddon,  54 
Boot  and  Shoe  Making,  Leni>,  44 
Brass  Founding,  Graham,  45 
Bread  and  Biscuit  Baker,  fTe/^, 

46 
Breakfast  Dishes,  i4/2n»,  47 
Brewing  and  Malting,   Wright, 

Brick  and  Tile  Book,  33 

Making,  Dobson,  32 

Brick-cutting,  Hammond,  32 
Bricklaying,  Hammond,  32 

59 


58 


INDEX  TO  CATALOGUE. 


Brickwork,  Walker^  32 
Bridges,  Iron,  Hunger,  16 

Iron,  Pendredf  16 

Oblique,  Buck,  i6 

TubuLax,  Dempsey,  17 

Bridges  and  Viaducts,  Campin, 

17 
British  Mining,  Hunt,  25 

Builders'  Measuring,  Beaton,  33 

Quantities,  Beaton,  33 

Building,  a  Book  on,  Beckett,  31 

— —  Art  of,  Dohson,  31 

Construction,  Allen,  31 

Cottage,  Allen,  31 

Dwelling  Houses,   Brooks, 

Estates,  Maitland,  31 

Farm,  Scott,  32 

'         Science  of,  Tom,  31 

Cabinet-Making,  Bilmead,  37 

Working,  Hasluck,  48 

Calculator,  O^Gorman,  56 
Calculus,  Differential,  Woolhouse, 

55 
Integral,  Coaf,  55 

Carpenter's    Guide,   Nicholson, 

37 
Carpentry  and  Joinery,  Tredgold 

and  Tarn,  37 

Tredgold,  37 

Cattle,  Sheep,  &c..  Bum,  50 
Cements,  &c.,  Standage,  47 
Chain  Cables,  Traill,  20 
Chemistry  of  Mining,  Byrom,  26 
Chimneys,  M^'i/^cw,  4 
Circular  Work,  Callings,  37 
Civil  Engineering,  Law,  18 
Clock  Jobbing,  Hasluck,  48 
Clocks,     Watches,     and    Bells, 

Beckett,  45 
Coach -Building,  Burgess,  47 
Coal  &  Iron  Industries,  Meade, 

26 

Mining,  Cockin,  26 

Smyth,  26 

Colliery  Manager,  Pamely,  25 

Working,  BiUman  and  Red- 

ntayne,  26 


Colouring,  F»rfrf   6r^    Davidson, 

39 
Colours  &  Dye  Wares,  Slater, 

42 
Commerce,  Gambaro,  49 
Commercial        Correspondence, 

Baker,  49 
Compound    Interest,    Thoman, 

54 
Concrete,  Sutcliffe,  33 
Confectioner,  Flour,  PFciZs,  47 
Confectionery,  Wells,  46 
Constructional      Ironwork, 

Campin,  17 
Copper,  Metallurgy  of,  Eissler, 

24 
Cottage  Building,  i4//m,  31 

Gardening,  Hobday,  52 

Cotton      Manufacture,     Lister, 

44 
Cranes,  Glynn,  1 1 
Creation,  Records  of,  Le  Vaux, 

40 
Curves,  Tables  of,  Beazeley,  15 
Cyanide  Process,  Eissler,  23 

Dairying,  British,  Sheldon,  50 
Dairy,  Pigs,  and  Poultry,  Bum, 

Dangerous  Goods,  Phillips,  42 
Decoration,  Facey,  38 

House-Painting,   Graining, 

&c.,  38 

Imitation   of   Woods   and 


Marbles,  38 

Marble,  Blagrove,  39 


Decorator's  Assistant,  39 

Deep  Level  Mines  of  the  Rand, 

Denny,  22 
Diamond  Drilling,  Denny,  23 
Dictionary      of      Architecture, 

Weale  and  Hunt,  56 

Painters,  Daryl,  56 

Direct  Current  Machines,  Sheldon 

and  Mason,  29 
Drainage  of  Lands',  Clark,  14 

(Mine),  Michell,  25 

Draining   &  Embanking,  Scott, 

51 


INDEX  TO  CATALOGUE. 


59 


Drawing  Instruments,  Heather^ 

55 
Rules  on,  PynCy  34 

Dwelling  Houses,  Brooks^  32 

Dynamic  Electricity,   Atkinson ^ 

Dynamo  Construction,  Urquhart, 

29 

How  to  Make,  Crofts,  29 

Motor    and     Switchboard 

Circuits,  Bowker,  29 

Earthwork,  Graham^  16 

Tables,  Broadbent  ^  Cam- 

piUf  16 

Tables,  Buck,  16 


Earthy  Minerals,  Davies,  24 
Electrical  Calculations,  Atkinson, 

Conductors,  Perrine,  29 

Engineering,  Alexander,  28 

Sewell,  28 


Pocket  Book,  Kempe,  30 
Transmission,  Abbott,  28 


Electricity   Applied   to   Mining, 
Lupton,  Parr,  6r*  Perkin,  25,  28 

Lardner  and  Foster,  41 

Text-Book,  Noad,  30 

Electric  Light  Fitting,  Urquhart, 

30 
Light,  Knight,  30 

Light,  Urquhart,  30 

Lighting,  Swinton,  30 

Ship-Lighting,  Urquhart,  30 

Telegraph,  Lardner,  41 

Electro-Metallurgy,  Watt,  45 

Plating,  Urquhart,  45 

Plating,  W'aW   and  Philip, 

45 
Typing,  Urquhart,  45 

Embroiderer's  Design,  Delamotte, 

39 
Engine-Driving   Life,  Reynolds, 

6 

Engineering  Chemistry,  Phillips, 

42 

Drawing,  Maxion,  8 

Estimates,  9 

Epg^eering  Tools,  Homer,  2 


Engineer's  Assistant,  TempleUm, 

8 

Companion,  Edwards,  8 

Field  Book,  Haskoll,  15 

Handbook,  Hutton,  5 

Pocket-Book,  Clark,  7 

Reference  Book,  Foley ^  3 

Turning,  Homer,  2 

Year  Book,  Kempe,  7 

Engineman's  Companion,  Reyw 

olds,  7 
Euclid,  Liw,  54 
Excavating,  Prelini,  16 
Explosives,  Eissler,  42 
Nitro,  Sanford,  42 

Factory    Accounts,    Garcke    &* 

Fells,  49 
Farm  Buildings,  Scott,  32 

Engineering,  Scott,  5 1 

Management,  Bum,  5 1 

Roads,  &c.,  Scott,  51 

Fanner's  Tables,  Francis,  52 
Fanning  Economy,  Bum,  52 

Outlines,  5«r»,  51 

Small,  Bum,  5 1 

Fertilisers,  &c..  Dyer,  50 
Field  Fortification,  Knollys,  56 

Implements,  Scott,  5 1 

Fields  of  Gt.  Britain,  Clements, 

51 
Fires  &  Fire  Engines,  Young,  11 

Flour,  Kick  and  Powles,  46 

Forestry,  Curtis,  36 

Foundations,  &c.,  Dobson,  19 

French  Polishing,  Bitmead,  47 

Fruit  Trees,  Z?m  Breuil,  53 

Fuel,  Williams  and  Clark,  10 

Fuels,  Phillips,  10 

Garden,  Forcing,  H^a<?d,  52 

^Receipts,  Q««ff,  52 

Gardening,  Good,  Wood,  52 

Ladies',  Wood,  53 

Multum-in-Parvo,     Wood, 

5a 
Gas  and  Oil  Engines,  Bale,  7 

Engines,  Goodeve,  7 


6o 


INDEX  TO  CATALOGUE, 


Gas  Engineer's    Pocket    Book, 

O*  Connor  J  42 

Fitting,  Black,  47 

— '-  Producer    Plants,   Mathoi, 

6 

Works,  Hughes,  18 

Geology,  Historical,  TaU,  27 

Physical,  TaU,  27 

Tate,  27 

Geometry,  Tarn,  17 

Analytical,  Hann,  55 

Descriptive,  Heather,  54 

Technical,  Sprague,  17 

of  Compasses,  Byrne,  17 

Plane,  Heather,  54 

Girders  (Iron),  Buck,  17 

Glass     Staining,     Gessert     and 

Fromherg,  40 
Gold  Assaying,  Phillips,  23 

and  Silver,  Merritt,  23 

Metallurgy  of,  Eissler,  23 

Prospecting,  Rankin,  23 

Goldsmith's  Handbook,  G^tf,   45 

and  Silversmith,  Gee,  46 

Grafting   and    Budding,  Ballet, 

53 
Granites,  Harris,  27 

Grazier,  Complete,  Fream,  50 

Hall    Marking    Jewellery,   Gee, 

45 
Handrailing,  Callings,  37 

Goldthorp,  37 

Hay  &  Straw  Measurer,  Steele, 

52 
Health  Officer,   Willoughby,  35 
Heat  (Expansion  by),  Keily,  18 
Heat,  Lardner  and  Loewy,  41 
Heating  by  Hot  Water,   Jones, 

33 
Hints  to  Architects,   Wightwick 

andGuillaume,  34 
Hoisting  Machinery,   Homer,  2 
Hoisting     &     Conveying    Ma- 
chinery, Zimmer,  2 
Horology,  Saunier,  44 
Horticulture,  Newsham,  52 
House  Decoration,  Facey,  38 
Painting,  Davidson,  39 


Hydraulic  Manual,  Jackson,  13 

Engineering,  Marks,  13 

Tables,  Neville,  13 

Hydrostatics,  Lardner,  41 

Illumination,  Delamotte,  39 
India  Rubber,  Johnson^  43i  53 
Inflammable  Gas,  Clowes,  26 
Iron  and  Steel,  Hoare,  8 
Iron,  Metallurgy  of,  Bauerman, 

25 
Ores,  Kendall,  25 

Plate       Weight       Tables, 

Burlinson  and  Simpson,  49 

Irrigation,  Mawson,  11 

and  Water    Supply,    5a>i/, 

51 

Jeweller's  Assistant,  G^f,  45 
Joints  (Builders'),  Christy,  37 

Key  to  Haddon's  Algebra,  54 

to  Young's  Arithmetic,  54 

Kitchen  Gardening,  Glenny,  52 

Land,  Ready  Reckoner,  Arman, 

52 
(Reclamation   of).    Beau- 
ley,  12 
Landed  Estates,  Bum,  51 
Lathe  Work,  Hasluck,  9 
Laundry,  Management,  47 
Lead     (Argentiferous),    Eissler, 

24 
Leather  Manufacture,  Watt,  44 

Letter  Painting,  Badenoch,  39 

Levelling,  Simms,  15 

Light,  Tarn,  35 

Light  Railways,  Calthrop,  11 

Lightning   Conductors,  Hedges, 

32 
Limes,  Cements,  Bumell,  33 
Locks,  Tomlinson,  47 
Locomotive  Engine,  Stretton,  6 

Engine,  Weatherburn,  6 

Engine  Driving,  Reynolds,  6 

Engineer,  Reynolds,  6 

Engines,  Dempsey,  6 
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Logarithms,  Law^  53 

Machine  Shop  Tools,  2 
Machiner>%  Details,  Camping  9 
Marble    Decoration,    Blagrove, 

39 
Marine     Engineering,     Brewer, 

20 

Engineer,  Wannan,  20 

Engineer's    Pocket    Book, 

WannaHj  20 
Marine     Engines      &     Boilers, 

Bauer,  Dankin  and  Robertson, 

19 
Engines,  Murray,  20 

Market  Gardening,  Shaw,  52 
Masonry,  Purchase,  32 
and    Stone-Cutting,    Dob- 
son,  32 

Dams,  Courtney,  13 

Masting  and  Rigging,  Kipping, 

21 
Materials,  Campin,  18 

(Strength  of).  Barlow,  18 

Handling  of,  Zimmer,  1 

Mathematical    Insts.,    Heather, 

55 
Heather  6*  Walmisley,  55 

Tables,  Law  and  Young, 

22»   53 

Mathematics,  Campin,  53 
Measures,  Weights,   &c.,  Wool- 
house,  56 
Measuring      Builders'      Work, 
Dobson  and  Tarn,  33 

Timber,  &c.,  Horton,  33 

Meat  Production,  Ewart,  50 
Mechanical    Dentistry,  Hunter, 

45 
Engineering,  Campin,  9 

Handling      of      Material, 

Zimmer^  i 

Terms,  Lockwood,  8 


Mechanics,  Hughes,  9 

Lardner  and  Loerwy,  40 

Tomlinson,  10 

of   Air   Machinery,    Weis- 

bach,  9,  22 
(Tables  for).  Smith,  8 


Mechanics'    Companion,    Tem^ 
pleton  and  Hutton,  8 

Workshop,  Hasluck,  48 

Mechanism,  Baker,  10 
Mensuration  &  Gauging,  Mant, 

41 
and      Measuring,     Baker, 

Metal  Turning,  Hasluck,  48 
Metalliferous  Minerals,  Davies, 

24 
Mining  Machinery,  Davies, 

22 

Metric  Tables,  Dowling,  49 
Metrology,  Jackson,  49 
Microscope,  Kan  Heurck,  40 
Milk,  Cheese,  &c.,  Oliver,  50 
Milling  Machines,  Homer,  2 
Mine  Drainage,  Michell,  25 
Mines  of  the  Rand,  Denny,  22 
Mineral  Surveyor,  Lintern,  27 
Mineralogy,  Ramsay,  27 
Miners'   Handbook,   Milne,    25 

Pocket  Book,  Power,  24 

Mining,  British,  Hunt,  24 

Calculations,   O* Donahue, 

26 

Chemistry  of,  Byrom,  26 

Students,  Notes  for,  Meri" 

vale,  26 

Tools,  Morgans,  27 

and    Quarrying,     Collins, 

27 
Model  Engineer,  Hasluck,  48 
Mollusca,  Woodward,  40 
Motor  Cars,  Tayler,  11,  47 

Vehicles,  Tayler,  1 1 

Museum   of   Science   and   Art, 

Lardner,  41 
Music,  Spencer,  56 

Natural  Philosophy,  Tomlinson, 

56 

for  Schools,  Lardner, 

41 
Naval  Architect's  Pocket  Book, 
Mackrow,  20 

Architecture,  Peake,  21 

Navigation,  Young,  22 
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Navigation,      Greenwood      and 

Rosser,  21 
Practical,  21 

Oil  Fields  of  Russia,  Thompson, 

22,  41 
Oils,  Anal3rsis  of,  Wright,  41 
Optical    Instruments,    Heather, 

55 
Optics,  Lardner  b*  Harding,  41 

Organ  Building,  Dickson,  47 

Packing  Case  Tables,  Richard- 
son, 38 
Painting,  QuUick  6-  Timbs,  40 
Paper,  Parkinson,  43 

Making,  Clapperton,  43 

WaU,  43 

Pastrycook's  Guide,  WeUs,  46 
Patents,  Hardingham,  56 
Pattern  Making,  Hasluck,  48 

Homer,  8 

Perspective,  Ferguson,  33 

Pyne,  S4 

Pianoforte,  Spencer,  56 
Pioneer    Engineering,    Dohson, 

15 
Plastering,  Kemp,  33 
Plating   &   Boilermaking,  Hor- 
ner, 4 
Plumbing,  B«c/kzif,  ^^ 
Pneumatics,  Tomiinson,  19 
Pocketbook,   Agriculturist's, 
Francis,  55 

McConneU,  52 


Builder's,  Beaton,  33 
Electrical,  Kempe,  30 
Engineer's,  Clark,  7 

Edwards,  8 

Fletcher,  8 

Hasluck,  9 

Kempe,  7 

5w*<A,  8 

TempleUm,  8 


Engineman's,  Reynolds,  6 

Gas  Engineer's,  O'Connor, 

43 
—  Health  Officer's,  Willoughby, 

35 


Pocketbook,  Marine  Engineer's, 

Mackrow,  20 

Wannan,  20 

of         Mensuration      and 

Measuring,  Afan4  41 

Miner's,  Milne,  25 

— ^ Power,  24 

Mining     Prospecto  r's, 

i49u2er50ft,  24 

Merritt,  24 

— Rankin,  23 

of  Refrigeration,      Tayler^ 


10 
Portable    Engine,   fTaiuftr^w^A, 

5 
Portland    Cement,    ^ai/a    afiii 

Bfrffer,  33 
Portuguese    Dictionary,    Ehoes, 

56 

Grammar,  Elwes,  56 

Producer-Gas  Plants,  Mathot,  6 
Prospector's  Handbook,  Andet^ 

son,  24 
Puihps  and  Pumping,  Bale,  10 

Quantities  (Builders'),  Beaton,  33 

Railway  Brakes,  Reynolds,  6 

Working,  Stretton,  19 

Reclamation  of  Land,  Beaweley, 

12 
Refrigerating  Machinery,    Tay- 

/fT,  II 

Refrigeration,  Tayler,  10 

(Pocket  Book),  Tayler,  11 

River  Bars,  Mann,  14 
Roads  and  Streets,  Law,  16 
Roof  Carpentry,  Callings,  37 
Roofs,   Construction    of,    Tarw, 

18 
Rothamsted  Experiments, 
Tipper,  50 

Sailmaking,  Kipping,  21 

Sadler,  21 

Sanitary  Work,  5/fl^^,  36 
Savouries    and    Sweets,    Allen, 

47 
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Saw  Mills,  Bale,  36 
Screw  Threads,  Hasluck,  9 
Sea  Terms,  Pirrie,  21 
Sewage,  Irrigation,  Bum,  52 

Purification,  Barwise,  36 

Sewing    Machinery,     Urquhart, 

47 
Sheep  (The),  Spooner,  50 

Sheet-Metal  Work,  Crane,  46 

Work,  Warn   &*   Horner, 

Shoring,  Blagrove,  32 

Ship  Building,  Sommerjeldt,  21 

German,  Felskowski,  21 

Ships  and  Boats,  Bland,  21 
Silver,  Metallurgy  of,  Eissler,  24 
Silversmith's  Handbook,  Gee,  45 
Slate  Quarrying,  Davies,  27 
Slide  Rule,  Hoare,  53 
Smithy  and  Forge,  Cran^,  9 
Soap  Making,  Watt,  44 
Soils,  Bum,  50 
Spanish  Dictionary,  Elwes,  56 

Grammar,  Elwes,  56 

Specifications,  Bartholomew,  31 

in  Detail,  Macey,  31 

Star  Groups,  G^e,  40 
Statics,  Graham,  17 

and  Dynamics,  Baker,  55 

Stationary       Engine       Driving, 
Reynolds,  6 

Steam  Engines,  Hurst,  6 

Steam  and  Machinery  Manage- 
ment, Bale,  7 

and  Steam  Engine,  Clark, 

10 
Steam  Boiler  Construction,  Hut- 
ton,  3 

Boilers,  Armstrong,  5 

TV"*/j<m,  4 

Engine,  Baker,  6 

Goodeve,  5 

Haeder  and  Powles,  5 

Lardner,  6 


Safe  Use  of,  7 

Stone      Working      Machinery, 

5a/?,  II 
Strains  in  Girders,  Humber,  1 7 
on  Ironwork,  Shields,  17 


Submarine   Telegraphs,  Bright, 

Superficial  Measuremnt, 

Hawkings,  38 
Survey  Practice,  Jackson,  14 
Surveying,  Baker  and  Dixon,  14 

Frome  and  Warren,  15 

Instruments,  Heather,  55 

Land  &  Marine,  Haskoll,  14 

Subterraneous,  Fenwick,  27 

t^Jttf,  14 

Whitelaw,  14 

with    Tacheometer,    JT^a- 

n^>',  14 

Tea  Machinery,  Tayler,  46 
Technical  Guide,  Beaton,  $^ 
— —  Teims,  FleUher,  8 
Timber  Importer,  Grandy,  ^j 

Merchant,  Dowsing,  37 

Richardson,  2!^ 

Toothed  Gearing,  Homer,  9 
Tramways,  Clark,  16 
Transmission      by     Electricity, 

Atkinson,  29 
Traverse  Tables,  Lintern,  27 
Tree  Planter,  Wood,  53 

Pruner,  Wood,  53 

Trigonometry,  Plane,  Hann,  55 

Spherical,  Hann,  55 

Trusses,  Griffiths,  18 
Tunnelling,  Prelini  and  Hill,  15 

Simms  and  Clark,  15 

Tunnel  Shafts,  Bimt/^,  16 
Turning,  Engineers',  Homer,  2 

Lathe,  Hasluck,  9 

Metal,  Hasluck,  48 

Wood,  Hasluck,  48 

Ventilation  of  Buildings,  Buchan, 

Villa  Architecture,  Wickes,  34 
Visible  Universe,  G^wf ,  40 
Vitruvius'    Architecture,    Gwilt, 

35 
Watch  Jobbing,  Hasluck,  48 

Maker,  Saunier,  44 

Repairing,  Garrard,  44 

Watches,  History  of,  Kendal,  45 


